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Cilfijjju -I 

(Equilibrium properties) r>l jfth *al 4—1 j-^ o 8 ^ J*^ ISj-»UjjJI (Jc j) 

.^-llj ^L-Sf) jj«UI «yk f V jaJ 4*. j J qjP viuau (System) ,.LJLi/ 



if 0>A J 6 s -** 1 ' 6** <^ ^ ^ ijah3S ^ 

^Uaoll (Surrounding, Environment) Jx^JlJu^^JI <$ jaj 

.(Universe) fUXJhjtf cr ^ U 6^4* <i fc 4 f^aj&j -op-*& 





* ■ 



Ou^u (1) JiA 



SjU1\j ASUall JjUj ^a-uu fUttl : (Open system) fL&-l 



Jiill Jail .4j kiauJI Jaujjll 
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Nature of Themiodynamics 



AuftiUVl 4itM X*-aU. j 4 4ilkfl pn^j AjJ ^pJI ISj-LLjli ^ j jfc 

^ jAj . (Work, [F ) Jjui J (Heat, 5 jlja. Js-i ^ (energy-in-transit) 

.AalAX-aJI ^jUaJI ^ <^ J\ lj jsuu t (empirical) t^^H (j\ (f$J&*\ 

£,\Wun\ (Macroscopic properties) u*\^ c> JJ& ^ Jf* 



^jfa-oil i (Internal structure) CP ^ jl"^"' ^^ja j^j 

yk- Uj^ibj (Temperature) S J jaJI 1*jJ ^3 .ojUU t (Microscopic) 

^ Vj iria (Equilibrium states) oljMI ^VU & r U3ull o-jJj ^jJj^I 

t$jja-dj * (C/) Uil^ 4iUa]l j t (5) *o J^W- O-W^ ^» 

.^Jllii ^ ^ tf^Mj "-'(//) J>J 
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IMttfiHHHHttkHlllllllMklltlkNMhlril Ihlril Ihlril lllril IhlllHIdHLHHiltl liNLlhUI Ikldl Ihlril ii i d I Ihl j r i 



Sjc PtJ tiSUAo (System wall) jxa ( jLLh >lv^ 



I 



5*^ V tf j» j» ( Adiabatic wall) ( ^-fcSS J\) ySfeAl > W 

.jj^aII ^jc ^iuj (A(lial)iiltin) 



j jUL >U1I > : (Diathermal wall) jJj^JI ^A£3i J+LJI I 



m (Diathermos) **Ujj» i> *-&»J 



■7 ) 



CijA >UJIj (rigid) c4& >^ '( 2 ) 




1 



_.U*J1 >UHj (impermeable) ilia J> >bJj (flexible) 



Environment 




eg. (po, T ) 















adiabatic, dQ < 
diathermal, / < 



rigid, dV 



impermeable, dN 



( 



flexible, dV / < 



( 



porous, dN / < 
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-Uilj SjUII JjUL V ^131 fi&B > : (Closed system) J&« fUaJ-2 



<<U ixp^l ku-^l (±^1 ji O^ualb) AsUall JjLuj UU jlLtlt 



ji ASUail JjUj e^uij V fUatt : (Isolated system) Jjj** /»^"3 



k^jll ^4 SjUII jl 4iUall JjLuj (JjjASI V ^ cuj (1) JluJ) 

4iUaIlj SjUIL L>j to ^> jafl dli Jll« .'U 



(ja (jjSZ *U£WI ^| fja jjilw AjjI jaJl l£j-»Ujjii -UjI^I U5*-IjJjj 
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:4&Uib OjIj Mi ?i Jk ijfrjSS SJjaJI <j jjuj .to- ui x>£ OaJ j i* jJ UUM 



V 



dT 



\ 



J p 



c v = 



dU_ 
dT 



\ 



Jv 



AuLuall j!>JIj (Fluid) jji^l to ^ 5 jSSj C tofl f-iiiuu 

. (Incompressible) uu.^t ^ ^\ >^ 




i (>j/tS jU9 to L^U^jc (Extensive) ^aj4a-7 y 4LjLS ^/ ^ - I 



l^laj .(toj Ail&t J jW^W ) *t ui&Uii cicLiu UiSfl 

V JJus SJjaJI . ft jUfl to yl& j-ju V * (Intensive) o?/^ -2 

.S JS j-JI ^ ^ t> (P) *±\$<A J dliSj toll jJuu j5bj 



^ UaIcj ctoil ^k- toUlj <4ijj 6ji >» toa yJI J toUll toiU o^-sj 



<> 3 r ji> \i ( ) L >i l+L lJjju : (State of a system) ^2\<JU 

2x,»\ ;*\\\ JjUJi (Jujau (jIaj <_JUUI .SjijaJl i^J-ij f^aJj laiuJal\ Ji* (>aljaJI 
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4jJ jaJ ^jlwUj^ *1 jjil4» -II 



L 



(-uu-jj SjUU jjIalUI ^jUil ui-aji ^iiluu ^1 toijattl CjU^I Jo^ 



s^3 tfiijj* to^UjJ CiLuiia.) jl AjjI ja> 4jSj*UjJ lj! jJua ^awj 



^Vu.r. - (Thermal potenial) ^ J jaJl ^fc jju : (r ) SJjaJI 3a jj 

^1 jaJ ASUa JawjU J* t<5*&i .SjUU SjjjJIj <j^mJJ 01UL1S 

>fk UaIfl CjUj> If^ll-u 

- (Mechanical potenial) ^is^i ^Jl ^ jjju :(F) iaJLuaS 

- (Mechanical displacement) toj*l£^ ^ jju : (V) ^aJI 

.5 jus i « r^i ^ jiii V s 

- (Thermal displacement) hj jaJI AaIJVI ^ jjju : (5) ^jjjjVI 

. (Disorder of the system) ^Ualll 





:uuSj Ixuabj 
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JaiJall Jl. ^Ijtfl ^ s1 J* </* (State variables) "OLi^ ill jjH* 





^ ( p Uai] 3JbJ| cil jiiia l«j U\ j (Equation of state) VtaJ UjUl* 




1* 

. ILfcV ua jau lJ ^uj Cub a 



^ 4JV^1] 2ul* " j±ju " jjusull ? ^1uu (J ? Ljjftll L,uaAll lV>gu ^ j 



(Change of phase) j*L!l C J Jjj jjJuJI lib 4jJ LIwUj^Lj 



.(Phase transformation) j*LJI ( J J?aJ .<j\ 



/(p,r,r) = o 



joii / Ail ill .(jjuil ^1 <UU3 ^ fUaiU ASIulJI lj! jjfcUfl JB3 4£U2I o-l* 
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- jis - ^| l^a ^ ^ ^ : (Equilibrium state) / V >ft7 ^JIa 

. AT* =7*, ~7 2 = t (Thermal equilibrium) jjj* ljIjjI ~1 
. AP ~P l -P 2 =0 1 (Mechanical equilibrium) £ _ 5 %jl%-a ~2 
. A?7 - w I - w 2 = t (Chemical equilibrium) ^Lf^ cjIjjI ~3 




1 



1 * 



F V 
F T 



^4 



+ * 



4 ¥ + 



+ * 



+ * 



¥ W * + * 

¥ + ¥ * * 

* & * * 4 

****** 



.2 d 6^1^ (3) jS-i 



.Uall) oo^ 2 :(Non- equilibrium 



kiuafl JL» 1^1 jWl aJIa uiuaj o^'j^ (State variables) jJZaJ/ )J1* 
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I^aUjI o-Sc- luLal) : (Reversible process) ^j^LSxJI *uLp \ 



V 4Jt ^yia-Aj AiSLuj A-ui AoLo^ (J* 3 *^ ^ K 1 *". 1 ^ jJJU till i^l a-* 



CjI jjijlb iku j^i (Irreversible process) 44**t £t J) jjp .| 



LI*! 1 




£ >L , y :(AP = P f ~P t = 0, /■=()) CuLaJl JaLuall CjIj 4uLadi -1 

. (Isobaric process) 

i y^3 :{AV =V f -V, = 0, /■ =00) £J$1\ ^\\ CjIj 4j1o]| -2 

(Isovolumetric) JljjUlJtuf j\ (Isochoric) AjjLsji 



:(AT =T f -T i =0, r=l) fcij ijj* 4*>l Ciii 4jLo*JI -3 

.(Isothermal) JLjJjjjf 

QjjSbjJ lt^J :(AS =S, -S,. =0) ^IS ^jjjiSI -4 

. (Isentropic) 
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i 



III 



(Thermodynamic Processes and Cycles) 



dA i*j>^ ^ (Thermodynamic process) 3j >i >aJ iiiUiiJfl ^L»J/ 



2 ^JU isothermal, dT = 

adiabatic, dO ~ 
isobaric, dP = 

isochoric, JK= 
isentropic, dS = 

1 5_u1Xul 4JU 

.2 A^lfSj 1 Lhh" ^JjaJ* ^W^^ ^ (4) 




l^i ^jSj ^ AoUidi ^A ; (Pyr.lir. process) rfj <daP ~1 

Ji ikj tfia^ 4^ ^A ;(nna^-statir, process) ^iSLtf ^ "2 

.£l Jtfl AJIa Ofr IJ* AiiUa ix^j ^Ua^l J^-> 4JmJ 
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I 



(Units) u^jJI -IV 



js. ^ P uaa \* a .(si>>w ^ ySiS) ^ ^ ^ 



iHSn j (Length) JjJaU 



c>4 O*! ^ Jj^J tf 26 < s ) ' (kg) 



(111) 



OjjaJI 15o*UjJS fie ^ II SI pUtf! CitJa-j 



Pa = N.m 



W = J.s _1 (CAj) 



-1 V-l 



J.ks _1 .K 



(?=-) 



^1 



111 



m 



J=N.m (Jj*) 




(i) j>» 



(r ) <>j» 




rfv 

(a = — ) t J*" 21 

dt 




^ tii.hW JbaluVI 2juI^ ^-^^ 



1 
I 



1 bar = 10 5 Pa, 
atmosphere (atm) = 1.01 x 10' Pa, 

1 torr= 133.3 Pa. 
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jkutfl OU-^J O-A^l 



(djbjjjlj JUjjjjJjIj djjSjJjij <u*L&Jf) 
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w c£Jlj qJJLaj jU*-^ jfall (jAAAS Uaj V\ S J jail ^jll o^W^ ^11* 

7(°F)=|r (°C) + 32 
,j<i\ Ji qJJL* ,221°F *i4J J 32°F ^ * Ull xou 5^ ^UJI U ^ 

r(R)=7( F) + 459.67 



^Lu -VI 



:Ual j>! £-ua U <UlUll <>ail Ol^a I 
V Ja«^l| 5 J jail JjU £^1uu ^b^Ai fUiill ^ 1 

.^LwI£xjI AjLaC ^ <SLai <>uiSI AoLaxil - 



V 



dP_ 

dV 



\ 



V V 



57 



\{ja JS uUai JlijJ f^ai-l -2 



p = 



RT. 



a 



V c -b 



V 2 



Sj^uaJ! iib JlijJ -(jli "C Aa^aJ Ajaiill jfe -3 



V 



dV 



( d 2 p 



\ 



3 



V 

2 



5F 



276 



r, = 36, r 



8a 



27i?6 



4t $*ei L? iuuj cSjUI! SjjjJ! j! 3jja— Jl o-U* A±L*u fSJjaJl 4*.jJ <-ijj*J 



4^ n *' n J 



La jA UUi* j . ^LSI// Oli> l^SlUS ^SjaJ) AiUal <_>-LL> jA 
OjW ui> <jl J«j LJjaW ^J* 3 -i#>^l ^Ljlj^l 



- * # # 




.4 





5 







iua) (°C)(|ji*ll o- 1 ^ 1 Lji. SJjaJl i^IajJ (j-UJ jiJaiuu iJaii 9JC iajjj 



(^Sft S J jaJI 4ajJ o-li dlii. Lijij ((|Jj*JI o-Ji**Si" O-W^ lA >> C 

V j ) (Kelvin) ^ J 1 -^ 1 ^ J ' K ^ j Jlkdl o-W^ 

r(K)-J(°C) = 273.15 
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14 



*JUii ^liSfl jJul\ (LA) ^ -VII 



U^a i Z =/ {X J ) J (X J ) Oij*i-» <^ Z jjiiJI <ji lii jiil 



JZ = 



v 



az 



« + f dZ 



\ 



y 



{ dY ) x 



dl 



r 



M 



,V 




) 



ay 



V 



z 



ey 



- 1 



7 z 



(2) 



\ 



ar 



A 37 A 



ar J z ^ az ) x 



\ 



az 



= -i 



(3) 



cpaU^I jUiVj . jU^ll lift ^ *l j*J jnhu«.t (JUJLj ,fUttI A^l^l j 



dN 



v 57 Jx 



K = 



dV =—dT 

P 



RT 
P 2 



dP 



M 



N 
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fjiU . P = 200 atm ia^j T = 300 K 

. a = 0.55088 m 3 Pa / mol 2 , 6 - 0.05 8 1 99 x 1 0~ 3 mVmol 



Vji -.v-b (1^) -T =180, 190, 200, 250 K 

PV 



./? = -, k = - J oil .^Jliai Jliil -7 

[dV; T 
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* 



kjliU AlLaJi ctti** (LB) <>i- -VI II 



■ (F) -Z =PV IRT (Compressibility factor) 




: (Virial equation) JLjJ 5JjU-« ^^tawjj tijwaLjJ! 4JU1I 

= i + s / ,(r)P+c / ,(7) J p 2 +--- (i) 

= 1 + M^ + ^ + ... (2 ) 
^UU- ^ (Virial coefficients) ^ B,, (T ),C (T \B r (T ),C V (T), J ^ 

- 2 iijlii! Jlajjj -jli aJjU- y^ij c(2) aJjU-JI 6- ^JUU 1>i 3jjbu ' 



an 2 



(P w -„b) = nRT (3) 
j/ 2 



jUj jo^i j (■•■;'/■") .i? =8.314 J -K -mole j» jliil <>r »2UU 



:4i5bdb iiUll ^Jbu. jli 4jI11»JI ^Ij 1 *^ ^ 



PV = nRT =N A k B T (4) 
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/ 



v 



r V 



8T 



_R 
P 2 



(5) 



^ Jti.) 







(£/,P«iUj 



.(^SlUI JbUJ :Jti» 

:JaJ 



/ 



V 



5M 
dP 



\ 



v 



dN_ 
8T) P 



R 
P 



( ff ^ 311.) ,CHJ*^ 



=f(T,P) 



V 



dT + 



Jp 



V 



dP 



dP 



= aVdT - KVdP 



(Coefficient of volume expansion) ^-a^J ja-uJI J*!** jft a = 



1 



/ 



V 



JjaJI a^jj <> giUSI ^ <^>J) jjBS J5-uj (Expansivity) J 



(isothermal compresibility) LbuiWl J-Uuu x: = 



UdV_ 
v{dP 
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■ ■rwwiiiiriiiiHiiiiiiiinniiiiiiniiiiiinniiiiiiiriniiiriiiiiiiiiniiiiiiiinrimmniiinriniriiiiiiiiii nnimiriiirniiiriiiinii iniiiriiiiririn iiiiiiiiiiinii mil n m iiiiiirin ihinii in n iiiiriiirirmu mil n m inn 



LidU l Jinn NuiiriHhNHhNMhlriirihlrilihiriMHriMhliNhirilrirliNuilriHiLiHHriHhlriUhliHhlriyillHhllUlllHhlltakllllU 



I 



4j J jaJl Kjnl n'M tf ja.t J| jj 



II 



\ * r c J 



III 



4 1 ■. .n 



G o-^^iJ ii 



i ■ ■ ^ 



■i x ^ E 



^4 



"■■ t "r' ■# ■-■ 



IV 



V 



4* 



VI 



■■ + 

j ■. ■. 
4 >r* ^ .- H 
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22.4 m 3 »JjL. Ji^ jlill <> J>.jiiS 1 .dUjSJj* e& ^ =R IN A 

N A = 6.02x1 23 / mole ^-jSJIj ) .6.02X10 23 molecules / mole ^ji^j 




a = 0.23026 m 3 Pa/mol 2 :Culji3l ^ fjiiJ ^lix^ jW) -v*^ 



.6 = 0.043067 xlO" 3 m J /mol j 



nRT an 2 



n = 1 .iJii-Aj • . P = — Sj>-ll iib LL^U Jla jJ -jli aJjU- : JaJ 



Oi i^ui^ui K = 250 mL = 0.25 xlO~ J m J j T = 273.15 K j 

.P = 7.29xl0 6 Pa 

« = 1 fljiluL J ■ P = -y- »Jfd Jib <^l j hi, .nil jliil *lll*-J 4jjlLJIj 

Oi Aa*j ut jmi V = 250 mL = 0.25 x 1 0~ 3 m 3 j 7 = 273. 15K j 

.P = 9.08xl0 6 Pa 

.Jlijj-O^ ^ <> ^ l^J = 7.4xl0 6 Pa ^ 4jL*«JI LuiJIj 
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(■»> 

jj>s Ajisa a&m LaJj ^ifiai a,uj*ii ju*j aju ^ , 



E=E k +E p +U 



4jSUi SjLJJ p 



E =U 



(•I) 



^\ J-aj t Culi iaiUa OsJ plM AkJ JjiuJI JLJill <j?ff = iW A&UJI pl.liiu.ly , 




Aj& S J jaJI - 1 



c = 



fdU 



\ 



\ 



dr 



{(>) 



Jv 



4jp S JjaJl -2 



V 



a// 



(7) 



ASiijdL (Jjiuj "Enthalpy" <|JjaJI ^jSa-dl <y* H £y 



(8) 



dH=dU+ PdV 
= dQ 



(9) 



(Principle Relations of Thermodynamics) 



(First Law of Thermodynamics) 

,> Jj>. ? Ua^ 3aKl( AjUall U^ ^ J* '^1 j-» U^j AjJ J*» U^LifiM JjVl 0>Ua 

r^aans (WJi ^ j» f JaSa asm Jjul g—y) ja- ^ 
.•uua lv> itta iji aju c t .uu» (J cJisa ^ W jjiuj sjj^i a^ : 2 



.Uaa ju Ijj uJU- j Akyljj ^2 I i| ij*>. >iJ <Jj^ J*^ 



g =^ +E 



/Q = ftw +dE 



(i) 

: q\ JaJ jJLU) ji-aS A>U1« CU*Sl j 

(2) 



22 



4j ^jaum &Uj| 





4j ^ jrti . nn jjC oUul 




oUUJI oUj) (1) Jli 



yiSSiwj .(jijxi! o-iS ^Jjj IfuSlj i^jlSSI ujteU tete-* fc^a J^aj U (>J 




:<LlUll ui! 

AjJjaJI liuli-ifl ujUui oUaaSUl J^i <> UfLa JaaJill o^ii O^lSla 0^L>*^ 



dS = 



dQ 
T 



Jia *<jt jMl 4JU ^aJ U5i j 4^2 J A^Ljjall CiLLadl 

: jla Jjjui <>Ua2J l^J J5a«all 

AS >0 



Ufi^ui 5 4-443 Q\ QJtJlpS glum 
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liSUaS JUft o^tta ^ j^fj ^la) J UjSj US :4ia jala 

^ AulSJ) ^Ual| J ^ ^^Jb J^UIi JL-i ^ Jsu-aj oUali q\ ia^ 

(ji 4dlJ ^ Jlla .U JC-tfj ijia. ((>j j|) <ALa\ AijjLa ^ ^UbVin.j lui-J V ~2 



: Vjij^Si l^llj^ ^ u^lili -II 



(Second Law of Thermodynamics) 



Oljlfr 6- Jf^* U-l^-t (> Lla. j$Jaj t/ JuJali ftU-WI lift .^jWI 

US 4 >U« ^Ijj ^ .0 (1) JUili ja t >U UfluaL Jilij oWj^ 
US cAioSL f tejll Jill ^UaL-L Uijjii ^ JLASI^ J 'V (1) 

.t Jiill Ji*i3i t> ^aj t Ha Ij^Ij UUjI I4J 4^4*11 ftiAj . t (1) JUUL 

.1 J JIj^j V <Uf££i 
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CiLuuaJl AjjI >u*JI (2) d&«i 



(Thermodynamics Functions) 



"Helmoholtz free energy" F SjaJ jttjfr*& -1 



F=U-TS 



dF^dU ■ TdS-SdT 



/w -swr 



Sj#^l 2jis,.J\ <> gij^jj 



l 
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i i 



/Q =CdT , 



.'Uaa Sijj t4lU3 AAl^! c^Uj^a. JJft JjLj : Jlldl JjU" 



:4&WU r Ailk»JI Ajjja. fUaM ^ ^ilJi 



<ft/ = TdS - PdV 



8S ) 



dU 



P 



/ 



n y 



8S 



2,1.^ 2jbJI Olbja. ^ >^ 6* J^' t^J-^ 1 ^^O* O- 43 J 3 J- 5 

yilj.iy.l fiu-j .SJUU ClLjaJI x> ,> £3U .(2) jB3 'SjUJI o-aiJ 

.AJUJ) Ululjjj (i^uaS (> <U U £jljJI JstaflBig tijj^S li* 
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J//= VdP+TdS +Y,M,dn i , 
dF = -iW -Srfl +Y,M,dn ( , 
dG= VdP-SdT Mi dn , 



Mi = 



V 



5/7 



I 



Hy 



V dn i jt y 




J» A ^ 



4jjl jaJI liwUi^l J j#u Mi 5 t-*** 3 (t^^-^ 




.1 





J JaJi i J3 j (X 




Ma ~Mp 



(Third Law of Thermodynamics 

,> Ifijj* ^.jJ UiJc fc>» Ux.Uj.tfl ajMS f^H 



"Gibb's function" G 



G=F+PV 



rfG =k<//> -sjr 



U Jl» » jljaJ! 4ajJJ JaLiiJI iIijjj jiu^U g jLuijj ^uui Ajlj j^ijJ! (jl Lift Jaa^Uj 



(Maxwell's relations) : Jjj^SU -IV 



:(1.A) JaJJI 



+ TdS , 
iW - SclT , 



dV 



\ 



r 



V 



8S 



/ 



V 



dS 



Jv 

fdT^ 



V 



BP 



(^s^ 



V 



V 



8P 

dP_ 
8T 



/ 95 



v 



dV 
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28 



&itil» <Jul\ 



AuSLaatfl ^JjaJI l^lLiM 



\ ■ 

SiUais ^^-aj . ii 



L ■ 

^UII jjjlu« IV 

^) ^ t** v 



* * 




Vll 



- ■■ 



ajuUaUl OUu-aJ (3A) 
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FORMULA SHEET FOR STATISITICAL THERMODYNAMICS 



Thermodynamic 
potential 



enerey 



U 



Enthalpy 



H =U-PV 



Kelmcholtz 



F=U-TS 



Gibbs function 

G = U - IS +PF 

=p-pr 



First IV equation 



Second Td equation 



Third Td equation 



S .V are constant. 



5. Pare constant. 



constant 



J.P are constant. 



Adiabatic 



Independ) 



S.V 



dU=TdS -PdV 



S,P 

dH = TdS - rdP 



T.V 

dF = -SdT-PdV 



T,P 



dG=-SdT-VdP 



fep" 



Tds~C r dT^T\ 



Cl i 



Tdz = CpdT-T\ — \ dP 



S3 



dV 



dS-dV-0 
dS = dP = 



Recipri 



r (w3 -pJ^ x 



\cS.p* \SP. 



Maxwell relations 



67 ) 

ar ) s m Us,,- 



, ap .i 5 U5 ,i f 



- 1 T 



BY 67 



5 =- : 



cPdT 




Tds^CydT + T^-dV 

K 



S~S(J r ,7) 



ids - Cptff -r ^p 



5 = S(P t 7) 



S = SQ r ,P) 



d7 = dV = 



cT~dP = 



dQ = dU + PdV-Q 



dU<0 



^'IiIlinlunl V 



dH<0 



dF<Q 



Minimum H 

Mininntm F 



dG<0 
dS>0 



\Ttnjftmm G 
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^te- ^L* AjjiaHi oi* o-Luii O^J •< / ^ fl&Sll £jljW» 0*3^ jiuij jJbluU l^JU ^« 



(Probability density function) aJU^vi a515sm CP jjju aiu ii^it 

ijjjU^al -l.iC ljjISj t(7V)jiU I^jUluA ftjUJI t> Aj-aS Aj! ylc 

fL^kY! </V*^ (j^J*^ J .ftjxa-all AjjjjlII ^j-aij^JI AJj ft jjxIa Aa*S ujLj jI^/ 



'J' 



iLLjaJI Jla tCAi-ail Aj jiB (N ) JJ& (As 




jlkuXall ^\jjS fUu ^h.rtntt fJau^uj 4dUj3jiJ* tCjU^jjiSI tCjUjjii+iyi 

(Macrostate of a system, or Configration) ^Uaiil AoLjJ) aJUA j , 

^ J'J'^y ,U £a t$J*Vl CiUJkulAll (>mu tJ jxJ (J^w l$iaj AJlaYl 



(Coin model and the most probable distribution) 

Aloadl Ljlui H& j .f l^aflU ft^J AJA-a Aiafr ^-aj Ajj^JJ i^JJ .AujUfla.Vi f Wj^^ ^ J J 
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4 



(Statistical thermodynamics) 



.AjjIjsJI tijAi-S AJaii ^ ^jl«9 U.Vfe jjfiffl £^ V^ij d& 

AJsikla j^j iajfe "bUI ^ 1441 Aij*a-n J* f3 ^ O^J 

^ ^UV 1 tfi ^ OpjS H J 1 * 1 ^ c^ 1 >^ 

Vji*^ AiikJi ijjA 5a jjjj u>i* Jb^ 53 V^ 1 'Jj^ 1 Jji 3 ^ 
liu-is^ ^uaJ oijia 1^1 Wsj .( discrete d 
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4 




T 
H 

H 

H 



T 

H 

T 

H 

H 

T 



T 

T 

T 
H 



T 



CO, 



1 



4 



6 



4 



1 



P k = 



CO, 



1/16 



4/16 



6/16 



4/16 



1/16 




a =1+4+6+4+1=16 



(1) 



Q 



- 

i Q 



(2) 
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P(H) »j>ua Jj-laJI ^ J^-aaJI JUb.1 oijl 

P (T ) jA (jJcV ktiS iJaJI yJft J>uaaJI JUa.1 



P(T) + P(H) = 1 



J 



2 



4-jdafill ^iuu iO\ Q* J jJa^ f I J*^ V sift 



ilia Jxuull (jS-aJj) 3 joa* (jUj AAjUaia ;l^U& ^ j £jUj oijAj U^frJI 













£ (#) Sj^ua £.JaJ| ^ J^yfl^t OVUJ JJafl 
















2 'a.KII 





^ j";-n CjVL-aJI J 4ja^La £a Jjiaji 0^ ^jMnn AJLLuJi dlijj«ali (> 

(> i ^ V j Alru^^ ^VbJI ^VUiij k = 1,2,3,4,5 ^AjA^i 
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^irwwiiWHi^iHiiirinmmriHm^iTnrillltllllNininillliniraDIHniblliriHIIhlllllllNlllinilllltirilini 




iJU JjJ jail l^lidfl ^JUbJ (2) 




.JV -4,8,1000 ^ co :Jli« 

:(4) AJjUaB ^i^k-^L :JaJ 



TV 
N 



TV! 



N 



\ 



2 J 



2/ v 



N_ 
2 



r^lliSI JjJaJI udJ^ AjJIc <#^U. AJ] ^IJaimLj 



A/ 



4 



8 



1000 



TV, = A/ 12 



CO 



2 



4! 



2!2! 



= 6 



4 



8! 



4!4! 



= 70 



500 



1000! ?• 



500! 500! 
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^ i= _L[(4xl) + (3x4) + (2x6) + (lx4) + (0xl)] 



2 



US 



4, jUt jj^ JJt 4&X '(1) Jj^ '^Ufi-» ^ ^ (!) ^ 

.N =N 2 =N /2 = 2 Uj3& Aajfj-a cVUiiy^Wl iuB 4 r b*>.-,^ 'AVM^ 




- " I , 1 « - ,• • .» t! .'-.I M\ 



4 



U 



A J 



Jb*3 



■ *1 




A/ ! 



(4) 



. co k = maximum tfcl j>ai '^j^ ^VUJi ^ J^a d ^ Jj^ ^ 



A/ 2 =N 12 U4fe ^ 
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v&i ijj^ 400 Aaaul! ^fc U]>^j S ii* 1000 flilj <iU r^ji, ^1 , 

. l(r" ^ AijljaJ! l^Ufjfi J ^| UiS 600 , 



^ AAA CD >mj lie ^ ^UB ^j^jl 6- gAUS <>u pnKu.J U^j VI , 

■ N ] = N 12 Luis. t CO ifj^ae. LuS jib - I 

.^iSa LliJ jib co (J N S-sbj -2 

. CO = 1 LuilL Sau Li! j cr UU! kt$jj 4j!a. -3 
.N £&**1\ ajc 5jLj ^ dJij idji, j^«3 ^ ,50-50 tf i 



4 



5- Uja.ljj 4JLu».| JSS , 



»0 



Q 




<-i Jfe ifc-H (ji fki (jau . H UaJ <ku,u AAjjIa UJau Lsj! 

tfji— <^-i' 



2 0! i ljh'im j .jLoll AjjL*. iajia 



.<UL*i! ^fcl ^ ^ i^zftj 1.,... 
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4^4 JaUl jkil 1 (Stirling's approximation) gjljlw! ijjjAj fl-iii-ib 

In (TV !) = JV ln(7V)-JV 



1000! 



(500!)x(500!) 



ln(ty) = in(l000!)-21n(500!) 



:J\ JoJ ^caJ jlw) <-^jfc ^ 1%"w*iL 



In(^y) = 1 000 x ln(l 000) - ;£0tf - 2[5 00 x ln(500) - ^] 



= 1000 In 



( 1000 ^ 

Uoo; 



= 693, 



ln !0 (fl?) = (In 10 e ) \n(CO) = 0.4343 x 693 

= 300, 




4MkJ1 J ^ cj^jUJI (> 1000 (3) js-ill f-u.> J <> 



1U'" 




IDI 



i^lj^l liwlLiS ^LL^I (3) 

(> 1000 JJatS Aj^idl j>yflll JJlJS 
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^jfl^ * ti ^Jbdl (j-al^i. (>a (_>iaxj ^uxu lJ^ui 



^ai^ jsi^ (|e| = L6xlO C) ^ ^ -1 



:aSIM 41 j jh caj^> AjU (J^uiu V Jl\ £UuMI o! 'J*' 

E=hv (1) 

:^A AiS^k 

/>=- (2) 

6; = 2;rv - 2k— - kc (3) 

X 



c uiLJ (3)j (2)j (1) ^V-iU^I ^^1m,Lj .<^>*fl ^\ ^ k £ 

e = (4) 



3 



p = ft* (5) 



In 



4m*l\ -udjij (E>P) W** u^jSJ (5) j (4) aUUU*» t# t^UiW 
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.AjUS N 2 =N -N l J Sj>* 



. A/\ = — Uite Jliiau ln<y 
1 2 



t> A^aU 41k ^k- J^aaJ AAjLuJI ft >taill c>j .jiualL l^iujlij Si^Lu^j iJjjM j laj^ili 

.^UalU u*J^^ <^ ^! t^J Vi -AjjI^V 1 



l^u^ C£U»1\ J C> ^ d l> 6 >^ ^ ^ iiA ^ ^ J 



il jjVW <UUJ! »M «U<I jiJ »^4j i~»ys>j . J9l ^wu U>ui 



(Quantum mechanics and the microscopic world) 

SoWill iUjluJI 6- jjjSII U- ^likJ 4-sl> C-^J -^rJ 1 ^ MJ^I ttsLi. 
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r it) Jj-iaail f Jft JUjl US (S jjL-s Aa*S Ax *>ti*) j»o«aJI O-W* ^ (^) 



u^j coa.lj »y ^ ^jaOj ^ Uijil \i| : (Phase space) £t jM ~ V1 

LSi ^i ^ i>- ^ iJ>- dfi cy^ &-j = w v x U*» 

jUJI ^ Ai^ .(Phase) j> ^1 I* ^ -(x-/>x) 

£ <.J* J&A jly-il j jjt >*• (^uy jL*oHj t (Phase point) ^ 

.^ILtfl JUaJL ^Uajj ufl>- ljILjJlUI oiAj <.CMJS^ 

2 x 2 2/K 2 



2 



-£*_ + -£— = i (9) 

2mE 2E I k 



<J (Ellipse) ^jUi* jU-j JL* ^LiU] jjfai Jaii CP tMI J 
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* * * 



^ j .OjjiSWI ^JUl (iU-c. ^Jt Liji C^i (5) J (4) c)^ 1 *- 3 OS JjJi 



i// &e 



(6) 




2 



X 



h h 



h rv 



(7) 



p m v 



_ ^ .*T L + » J-LT. -LI 



----- ■ ■- - — ■ " ,n ^ ^ 

. ' ■ - \ 



r 

V 



Av A/\ ^ h (8) 



I, 



1 




X 



n 




^3^3 • X- jj^AS SUjL djaJj fiuiaJl J{ 

uli JbuVI <^U5 ^IjflJj .(5) JSLiJL 



total area x /? 

pro 

Ax r /? 



(12) 



total 6-dimesional volume ^ r V n 

n = — = — — £ 



Ax Ay Az 4p x A^ Ap z 



(13) 



dxdydzdp x dp y dp 



h 



d 3 rd 3 p 
h 3 



(14) 



6 li ^jj^i ^LSi^V! 9 Cull 13) <d .5iUuJ! <>3a ^ l^uUI] cAjj^fa ciLSlaaJ 

n ccq 



Jl*i V2w£ J (Semi-major axis) 

. (Semi-minor axis) 




^ jjM i—S (4) jsi 



kjjJ Uaaj jjSjj AijaJI luSj 0^ u-ii J J*S '^JJ J ^ ^ 

ju- o^j W 4iu3j jjSjj jUi^i jtu^sb a- ^ to* J&i ■ u4 

. jlatfjj V cj|jU*»ll oiA cAs ' (Closed path) cjJ*-* 



Ay Ap y > h 
AzAp z >h 



(10) 



Ax AjAz Ap x Ap v Ap 



(ID 





S AiUail ljJlxZ <^J AUjLA 4jbjly*4 JJ& J^auj 



F(x) 



0, 0<x<L 
oo. otherwise 



(I) 



^ AilL I4I Axiri JilJj OJJ^! ^J* (A ^ 'j* • 



^iJI lift £jli. V -co J ^ < X <L jlA ^ SiA- Lf^J ~>J* (^Jl 



V = O0 



v = o 



V = oo 



II 



I 




III 



(<jj.Hu jj) JjA^a Jib ft**. (<>)>•'- 







L 



2m dx 



1 




(2) 



dx 2 



k V/, 
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. -10" 28 kgs' 1 j 1(T 28 legs 1 c&&Cih'*M* 

(1 0- 14 m U>a uL-S) SJjffl Jit* OjSjji "2 



. 1 (T 22 kg s" 1 



(12) *JiU-» 6- 



-1 



= = O0lm)^xl0fMcg£i = 3 ()00 
" A (6.626 x 1 (T 34 J s" 1 ) 

: q\ x*i (13) 45^1 <> -2 

,!;r 2 (l(r 14 m) 3 Y^ 2 (10- 22 kgs" 1 ) 3 
^ U JU __Z = 600 

« = r- = " i rt -34 T „-K3 



/j3 (6.626x10"^ J s") 



■ * 

Vll 



.(Orbits) oij^i ^ i ^3 ^ ^ ^ (Energy level) ^ ^ 
a ^ ^ iiUi u^y (Quantum states) chj^ 0- Ai J^JSj 

^ ^ JiU ^ ^ "ffi ^ • (Degenerate states) ^ 
cbjL ^ ^ ^ ci^&j (Ground state) ^1 

cteuyai ^ ^ ^ ^ ^ ' (Exdted Stat6S) S> 



\ 

) 
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v j) y/j \ 2 dx =1 



o 



i 



Jsin 2 (fat )<ix 



1 



o 



=>A =^2/L 



(7) 



: Lf juu i^jlill ^JaJI L fJiiul & Ojliil LjLuiaJ 



^(L) = 
^ sin(*Z ) = 





K 



~L 



n =1,2,3,-- 



(8) 



^7 O) 




2 . . 
sm( — x), 

L L 



« = 1,2,3,-" 



(9) 



I^Aj -E,, 4jK3I aSUjJ! i-u-aJ J ^„ _ 1 



2 



2m 



2m 







+ 2 2 

ft n 2 2 



2m L 



2 



"=1,2,3, 



(10) 



V V"? *l J oUx-aj iaUall Ljiua !>Lw LJ hsu Iftf CiUftl « = A^M ~2 
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(//), (III) q\**Wia\\ ASUaJI E j f*y*fl m j k 



2 2mE 



.i// n (x =Q) = ij/ m (x =a) = 



^ (x ) = A sm(kx ) + B cos(kx ) (3) 



V / J (x) = ae ikx +be~' kx (4) 

j OjjaJ Jaj^lSI 4kJjj J kjb& a,b,A,B j i = V~l ^ 



(3) u^J ^1 j^l 

i// j (0) = 5=0 (5) 
(x ) = A s'm(kx ) (6) 

yl, A: Cul j5B <~iL^ ^ 1^1 U. : Lul^ 
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i (l x 9 L y ,L : ) a4 *£*5 ji ja^i ^ f*-* ^ J* 8 ^ d JH» ^> 



2m 



r 



v «: 



I: 



(n x ,n y ,n 1 ) = l,2,3> 



J 



r 2 2 

11 71 I 2 2 , 2 



*2 2 

2MJ nj 



(14) 



(jla ^ . £ . 31Ua3\ uj ^uiU (Total quantum number) <^ J ^ J* 

ji) f UWt **jJ cij-U J (14) fcjU-S o-J -'^ ^ -V'- ) 

,,^<^ fU L^I ^UjJ uLoj <JLUI cb^J»j - J»^M j^u Jjj, , 



Level 



(U2),(l,2,l),(2,l,l) 



j 1 



(l,2,2),(2,2,l),(2,l,2) 



(2,2,2) 



7 =5 



(1,2,3),(3,2,1),(2,3,1) 
(1,3,2),(2,1,3),(3,1,2) 
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: Aaj < X > .kwji* uiyua. Jje -6 



(* ) - J* I W, I 2 d* = 7 J* sin 2 (*„x 

^ o 



2 

L 



'L 2 



V 



4 



2 



(11) 



2 



(7-6 js^i jfcfl) .^Vi wLaUI 




x=0 



20 



15 



EJE 







10 



5 







particle in a box 
non-rclativistic Uroit 



n 



3 



n 



n 



2 
1 



(b) 



(a) 



-a (6) ^ (7) 



o 



/ -zft— sin(* n x) -0 

V 2x 



(12) 
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niiiiiiiiiiiiiii i i 1 1 i 




2m 2(6.65 xl0~ 27 ) 

= 8.24xl0- 40 J«5xlO" 21 eV. 



n j 



/ , n1/2 

3.0x10^ 
v 5xl0"' j 



10 



tljL^luwilj J&1 u A3 jiJl Sjl ^ AajJ JLjP JliUI CjUjja cr*k*^ A^jftill <jl <^iu lift j 



lift j . ^ J j J-alUlb ljL^Iuia!! ^Jc- j JaxLuJ j-JalwAj 4,1a j ijAb.nA 



(Density of states) CiL^jl^i -III 



- 1 J ^ ( 

, - -rn _ -r l l. 



Jljcl ^ [n x ,n y ,n, ) 4-fcj\.rnH OLuiJbtfi Lliill J-ifr Jluu 

AJjU-oIIj 
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^sau Z, 2 =F 



2/3 



2*2 



8 . 
J 



2 7V k rr _ 2 /3 

n. 

3 2m 



V 



(15) 



f Ic jSI ^ 5 Jbj £.4 4JL4 (8) J (15) ^Jl**3i (> US j . /L 



P 



4 



i-ii ^ 1 






- 6.65xl0" 27 kg ^ ^^Jl Sj3 ifis 



:yJc J-aaJ AjjaJI CjUjJ ^ ^ jU-uSL AiUall yjji c> £3U»j JjVI OjjlM 

ff . =lk B T =i(l.38xl0- 23 )(293) 



J 2 



6.06 xl0~ 21 J « 3.0x10" 2 eV 

J ' 2m 
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fiiftj t w S " AjjIJ ^ J* ?„""•> ^ fill 1£jjL£ja ^ 0^ J .(*Jj«>ti 

Uui >jj g v j =(25+1) AjJ^I 4-qjL SjaVi 4lal*-*3 jUfrVI 



ds 4tiV 



g(p) = g(£)- r = -rrP 1 (5) 

* c he - 

A p 

dp 4xV 2 
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/I 



> 




1 

8 



»JiL. f jaJ rf« ^ ji ( 7 ) J 5 ^ 



*(n x9 n y9 n z ) W^J 



n 



2 + 2 



Tt'h 

2m V 



2/3 



7? 



1_ 

8 



'4 3 

— nn 

V3 



6 



v 



8m ^1 
"I 



3/2 



3/2 



(2) 



4ttF (2/77 3 ) 



1/2 



/2 



— 8 



1/2 



(3) 



g(e) = 



(g) 
Jg 



= 4^F 



V 



2m ^ 



(4) 



1,2 =G 7 f 1,2 



^ l^J ^Ij AiUall StojJ cUsj—ll JJC J1*S (/i&j 
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(2) (I) 



0) (2) (o^ 



4* 



V z = V / fl 0)V/„(2) V = ^(2)^(1) y/ ± = v/ fl (l)v/ fc (2)±v/ B (2)^(I) 



r^^JUiilS L^jl^kij tdLuwiaJi (jaj (Indistinguishability) 

1^ = ^(1)^(2) (5) 

' - ' 

Jliail ^ .(1) o^i^» t-Jeyt jSau ui^u, (5)j (4) JljiH ^Jbi -2 

:Uaj u?*- 4 ^ -^Jd 



^=-ik„(i¥*(2)+y/ 4 (i)^(2)] (6) 



V/-=^[^(l)^(2)-y/„(lM,(2)] (7) 



: J <^ i jjiSW UJ AaJ y/ + AJlSb (2) J (1) pjSjU UJjj jl 



P(1,2V + =-^[^ (2)^(1) + ^(2)^ a (l)] = ^ + (8) 
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S jJUtj ^jUsIaJ! CjUu-aII (3.A) Jala -IV 




(Identical and Indistinguishable Particles) 



o^i (Pricipleofindistinguishability) |j^^^J^-]0! 

^1 JUkj j-» . L J>*u ixA'l ^Ui jjj^u «(2)j (1) ^ W^ 5 

: ^LS u>j>u (.115031 1 ifcl oW^^^ • '^J^ 

H = -^irv 2 (l) + V 2 (2)] (J) 

2/77 L 



la (2) j (1) fij^i US^ ^1 LUi ^^.^ j£Z\o^> A ^ cji O 



A . nnx n\ 

L 



Li 
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<ji Aj .i*jj & <-j>-uU1 J^h ^131 jAj :(/? ) < / ~ujj1! J-udl -1 

.oljltt tj& e.fcuj ^5 jTu.it flfl A3Ua LuaJ j S jll) 

."-V! 3ib / .(«) 

= 2/ + l AibUJL jj^j CjUUjI ju&j (/ ) ^JxeJI < ir *H! 

.I^jL1<u UjSJu uflj^u ^-aS Jl^&l dllAj 



(jj^aj^l tiiLaa^j .(Fermions ^jj-ajailt) ^jjS CjLu^a. jrjj ^1 jaJ 



JJfr I4J ^ ^ OjjjjJI ^U^J -(Bosons pJJJj)) (jjl^u^l-jjj CjUu^s Qa £jj 
. CC CjLcj-ua^j tjJJJJ JJ^Jlj U>»J^ ' h ArfJilS 4A££-ya 



ufij^j .AjjUaa.VI ^ tS^lSo* jJj^ U^U-J I jjJ A^JI JjUUI o-al ji CwaJ Aft! j 



.^jjlfl! 5ji3 ^jVI cgjl^oll Jijjll 5^ j*^ : J^ 4 
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4£l .(2) j (1) ^Jffl JpA o^UJI ^(1,2)^1^1 j5>i) (6) UsUaJL li*^ Jflj 

jl . (symmetrical linear combination)^^ ^ ^ 0^ J 1 ^ 



:J ^ ^jUiVI ^ jJLul^l ^3 (T^UaSL (2) j (1) ^ UJJ 

P (1, 2)W. = ^ K (2)^ (1) - n (2)^ fl (1)] = - V- ( 9 ) 

JjUUi ^ (Linear combination) ^ (7) 0^ J^d ^ 

( ^T^Tjj d ^j SjS> yj& (7) j (6) (jLiljUJI . (Ant i symmetrical) 

liA ^ ^Jalj ?(2) ^v'>-^ ^(1) (»J**aJI JA iZ? ^j^^u^JL jl tfl tSJAuudL Ja.jJ c> 

^jl^ US t JiUHS SjUsuJU Vj A^UUIL OijJ JjjSI J .JjU^ SjUu jS 

.A-^iu^i jij^i ^ jj^i 5^ uaj^ j^-ui ^ t l^V 



OLj^ oUj% cj^ ^(2) J (1) f^- 11 (c3^) 



. CjUjU^ Aai jsUli 



jUulu^U ^jU \±* ^ oLLJaJlj ^Ijill JiUitf Aa.U^ ^l^UI (>j 

:Aj\ ^ aLUuj (>uj ^lllj (Pauli exclusion principle) 

"S^j Sji ^ jisi jl D^JJ^W (n,/ ? 5 5 m A ) ^jV\ ^\ ^ d 0^ ^" 

2i jauJi A^l JlJ^Vlj 
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V(l,2) = 



1 




9t 



<(!) <(D 
<(2) <(2) 



= 




^(1,2,-,A0 = 



1 



V .V ! 



V'«0> 



V*0) 



^(2) 1^,(2) Vcf2> 



y/,(jv~D vma'-d 

W a W V h W 



(10) 




/ ^-dctL 1 (1)v/ 2 (2)---v/A,'(A r ) 

/ A' ! 



^jlau "Li" ^^AiiSI SjL ^Ujj&J) Oli) j£U J Jiiu 4^ J 



y(l,2,3) = 4 



V / Lv (])a(l) v/ u (l)A0 V2j0)«(» 

^i s (2)a(2) if ls (2)0(2) w 2s (2)a(2) 
^j(3)a(3) V/ 1Jr (3)/?(3) ^ (3)a(3) 
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=^i,(lM,(2)a(l)ar(2) 
^=^uOM,(2)aO)/?(2) 

^3=^(iK(¥dM2) 

^4=^0M,(2)/?(l)/?(2) 



/ 



V 



2 



[v 2 (l) + V 2 (2)] 



2 2 



\ 



:^P(1,2) ^litt 



^ 3 aA ! 



/>(UM = ^(2)^ u (l)a(2)ar(l) - ^ 

P(\, 2)y/ 2 = ^ 3 

-P(U)y/ 3 -y/ 2 
P(l,2)y/ 4 =y/ 4 



1 



y + = -7^ V/,, (2) [a(D/?(2) -I />(l)a(2)] 




y/_ - ~iy u (IK (2)[a(l)/?(2) - /?(l)a(2)] 



P(l,2)^ + =+^ + 
P(l,2)^=-^ 



U- — — 



y/(K2) 



7-M 



V'|*<D"<D V'l.v(l)Al) 
■'»"(») V'|.v(2)/?(2) 



1 






"72! 




^ (2) 




(10) 
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»F(1, 2, 3) = m (2)^ (3) + ^ (2)^ 2 (3)^ (1) + y x (3 V 2 (1)^ 3 (2) 

- ¥l (\) Wl (3)^ (2) - Vx (2 V 2 (1)^3 (3) - if, (3)^ 2 (2)^ (1)] 
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76 



L 



i 



ii 



78 



III 



: jS>JL <>u 5ji ^jjSSJ] d*l*S» :^>» 



7' 



12 



Jvl H n yf ± dT l dr 2 =C±K 



C 



2 e 



fl (2) 



dr x dr 2 



12 



jcliUi isii JIojj .(Direct integral ^UJt J-lS3i» UaJ ^^j) ^ > 



i 



2 



P7 



M r 2 )| 



J 



K = JJ^(1V 4 (1) --^(2K(2yr^T. 



12 



» jj jjjSJ! c>a ti^lS ' (Exchange integral) <^JUa ^ <^J*i 



A 



(1). 

Wl ( 2 Ma (2) 



<U Jt^M Vj fSJl iULua. <> ^*1U J-UTvIl lift j&j 



1 
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62 



^■UHHiMiiiiiuiiiiiiiriiiiirihliliUilriUiNUhii 



NHriNhlhNLiiNUiNLliNblhNNililJhliNhNNLIll^liNuitiMwiHhn.r 



■ ■■■■■■■ ■■ ■■■■■■ ■■ ■■ 



(Microstates of a system) ^111 £ftl*l\ - I 



: r L£Uf/ Us ^ IjU Vj! c-ijj Li^j 
^Liif tfjj fjjjaJ {Jjxj fUXJ I ill* 

CjjS^j JS*£JL US (UajUmj UUaj jjjju Uj*j 
t £. , / = 0, 1, 2 cAaUali Ljbjluu> Afetj lH » 

Uljiu U^CJ t^Ualll lift ^5 .(jjjj-a-a » 

c> ^jvi (1,1,0) ^lijVu aju 

VU ^ J-aaJ Oj^J'"->fl jJ i jl5) f5 Ajj All* ^flj -l& jli (f,) lidtifl ^jln-fl | 




.(0,1,1)^(1,0,1) ^LfUiiH 

JUJ! ^3 0^ J* * (1,1,0) ^Ua^t AlUJ Ajj^aII AllaJI tJjj*J JA-aj £aJ I 




2 




2 



1 








1 




s 



o 



1 









£ 



1 







(l, 1, 0) fU-uli AlUJ jUlo^l u^L**^ Ct®*& -(2) <J^ 
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Statistical Thermodynamics of Microstates 



4jjfra-»fl CiVUil (_Lj*j flj&luiL dlJ j UWYI ^jjiSU LLj*j jjOuu u*UI lift 



luaij 4(5jUS! oaill) AiSUll AJlaJI ^ Iflul (> jjSI £jJ£j jUJi ljLLJ^ AojI J 



5 InQ 



:4^« j» 5 "Q" f Us03J -U^JI Aj^Ji 

(1) 

^„*^ t>a^ LH U^JW ^2 J 5' (J J (J^J&Si <^jIj ^ 6^ 

^ AA^a^j iJ^ U life ^UalU Aj^a^II CjVUJ (Jjjju j& Ul .(JjVI ujUII CjILjju 

(^Ulbj jiii^l l#j ^ (Hypothetical) A^al j3il (1) aJjU^I -1 

.AisjUJI AJ^uJl 

64 



(O 



N ! 
n x \n 2 !•••«, ! 



N ! 



( ) 



# ! 



-«,)! 



TV -/? 



\ 



{N-n,)\ 



V w 2 y 



77 ? !(TV -n 



i 




*>3 = 



( N -n^-n^ 



V 



(tf -w,-n 2 )! 



y 



!(TV - w, - w 2 -« 3 )! 



Al-aila CjI jUiVI fiiA (ji ^3 .j^Vi (ijluwll J-*J ^ Jx*Dl o-^ J^J 



69 } - €0 X X X 0> 3 X • * • X ®. 



N ! 



AH 



r 

7 



X 



1=1 



^ n >^ 

.ujjIkJl lift j 



"(Thermodynamic Probability) SjJjsJI I^IjjjH AjILW 1*jL iijfcA ^Le iJLJ 



67 



t Q (Aij^.^l ctfUJl -soc ^ ^ >1&5U (SUmu.) Jili ^Uu-*ll 

^b>L^ *ai <> <# a (2,1,0) fi&a ^ ^ u 




.(2,1,0) fUfttt iJU] ALu^II Ajjf^l : (3) 



66 



"jV =10" >J Jli^W ^W' ■'"> fl JJC iP* "^-^J C,Uu-aJI JJt. »4 | 

7.8 Jk _1 mor' j4j iU-^i 6- J>« griJJ^ 1 cr^ ^ 



limS =0 

7'-»0 



limS = £ fl lnQ = k» lnl = 



r->o 




lij <U . (Extensive "Additive" property )Ln!j>£U <U*j 

di**— ^j-jja ^aij (1,1,0) ^uuuii ^ 2ju J l>j 



D 2 



li 




J" r ■ - B ^L 
■ l "i J 









-e-i 

^^^^ \ ^t^. 

F*"" ' 






1 o 
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d^j ^ ^ J\ >- «>. pi" • (Statistical weight) g^V 1 J* 5 " J ! 

O^p, <1 (3) 



Pi = 



j 



1=1 



La = Ll — X 



? (4, 3, 2, 1,0) ijjfj-a ^vuji ^ j*^ : J 1 ^ 

JLui ^ ^b^l a» u» ^ (4,3,2,1,0) iibJI : JaJ 



5 



iV =2",- =4 + 3 + 2 + 1 + = 10 



n( „ i ,_i0L_ = 12600 

^^^"n,!^!^!^!^! 4!3!2!1!0! 



Jtl»U JJ^ * ^ 



5 = ^ B InQ 



= (l .3 8 x lO" 23 Ik" 1 ) x In (1 2600) = 1.30x10 



- 22 Jk- 1 
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:(1) Jjj»a oyfi 'Mi** 1 * M-^VI /ij M 



J*U» JUI JyjA y3S CtfU» fcUjS (1) J>»» 










n 



C 
B 



U 



3s 



ABC 



C 
A 
B 
B 
C 
A 





<»k {», I 



/' 



3 



A 

















3s 




















3s 



(I I 



6 



(. 



1 



1 




=10 




^1^,^=2 ^ r&a jsa .(1,1,1,0) *wd ^ua jj^w 



■#+*-%* ^ 



CD 2 = 6 <^b j 4jjf~ll <^UJ 

. (Most probable macrostntc ) 





5 = £ B In 2 



S 



k,An4 = k,An2 2 =2kAn2 



B 



B 



B 



S ^ k B In 2 



A' 



In 2 






Sjxw "TV = 3" ^Uu-a. 



3 



2 



1 







£ 3 = 


--?>£ 




--2s 




= le 


z 


= 



s. = i s Joule, 



/ =0,1,2,3 



. 3s Joule 



^ iiVl e ^,5,C J>.j» rtM*\i tola oUu^l c« Oi £^ :JaJ 



: 3^139 (jjjU) iMjiH jW^> 




3e, 



i=0 



i=0 
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70 



AaLxJI CtfUJI JJfr J JjiaJI <> j .(2) Jj^JL US SUaiuJI Jb JiaJj ^ 

.Las CjVU L*a± 



(1(T 20 Joule) 




4 












3 












2 












1 















^^^F^F^F^F^ 










£,„w (i o- 20 J) 


4 


1 + 3 


2x2 


1 + 1 + 2 


1+1+1 1 


k 


1 


2 


3 


4 


5 



A^Lfr ^Ujjjj 4_u^ HU lii ^ jflj . JjUII JllJI A^uli ( j 3 uuj jlaL Ujfc J 

r^fljju ji Jjj Uidj '^(lO -20 J) ASM o-^ '^4 uUuall ^ I4J AAIX, 

t>i AjJ jaJl tiwUjjAJ ALU UjU ^ua t> ?AaiiC 4JU Ajjfa^JI CtfbJ JJC > U 

.iSUJ ui^j lilj t 5jaJI ASUa (minimize) J^HI A^L ^Usi j\) J jip 

-■n ■. - - n- - ^ 

.(298.15 K) AijiJI S jlj^^jJ te"F=U -TS " S jaJi jil^-d* AiU. 

6! 

n Q \n ] \n 2 ln 3 \n 4 \ 



73 

L 



V j (l) 63^ c> g^a ^3 ^ 

'(1,1,1,0) 2JUJ» 0^ (^kfr^J aLuuAil) JlJpfo ALU* 6- f&j&J -1 

ci^ujij ^ ^1 tiiiSUaii 0- ii^di Uul tai Ji^W 'j* 3 " 2 

.(0,0,0,3) <^ 9^ aSIM.^j (3,0,0,0) ^ 0^ ASM & U j 

ui>« (1,1,1,0) AlaJI d *H C 1 ^ 1 ^ V s ^W-^> (> 1^ jjuS -3 

.ns (1.1.1. 0} A j^jU* USliUJj 



e,=z x 1 0" 20 Joule, / =0,1,2,3,4 

4xl0" 2 ° J 4 jLuy "t/ " AiLkU ^1 £>«a-JI J ^ CiUu«aJI uu3> litku-l IjJ 
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S = k B InQ AfcUA gttLJ vfl | 



diathermal wall 





A 


B 


► 

Sa , Qa 







i^j LiiaU ub oi ^ . J^isJi ajOW f5 cMiun 




n /*rf = Q ,! x Q a 



(ID 




5 =/ (Q) 




H (Dl 



/ ("^ ) =/ ) +/ (o B ) 



/ (Q,^ ) =/ (O, x Q 5 ) 



/ (Q A ) +/ (Q B ) =/ (Q, x Q B ) 



(IV) 

(II) «> » 
(V) 

(V) j (IV) o-, 

(VI) 



: JlilL -Uujjlc jUI AJjfl tUS'mi |jj V) (JtoJJ "if (V) 4JjUuJI 



5 = £ B InQ 
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:(3) JjJaJ Odi^ ^jti'nu 



JUJl ij^l Jjaj AaiLj^l iUria (3) JjJA 





{/2 ,/7,,« 2 ,72 3 ,« 4 } 




S(10" 23 JK M ) 


U (1 0" 20 J) 


F (1 0' 20 J) 


1 


{5,0,0,0,1} 


6 


2.47 


4T00 


126 


"IT 


{4,1,0,1,0} 


~30~ 


4.70 


4.00 


2.60 


3 


{4,0,2,0,0} 


15 


3.74 


4.00 


2.89 


4 


{3,2,1,0,0} 


60 


5.65 


4.00 


2.32 


5 


{2,4,0,0,0} 


15 


3.74 


4.00 


2.89 



CX\±S\ c^^^'Wil "k =4" WJI J (3) JjjaJ 0- 

. F JO^IA ASLLJ U£ S3 S ^jjOBU yJbi Lijt l^Jj cAj^J) 




j §2 



cAini^i cjUjj^i jUjV jjUJI juji 



4 ^Uau» LjjjjjV Lr o&Ji AjI^JI jUj] - 1 
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JaJI 









1 


2 


2 




e 


1 


e ® 









® 




2' 

= 1 

2!0!0! 


2' 

= 2 

1!0!1! 



5! = * fl InQ, =(l.38xl0" 23 JK _1 )ln3 = 1.5 xlO" 23 JK 



JjJ^JL Lai < jLua AiLkll jj ^ jIulaTu t (2) t ji! jj-u J-^J Jj&j ~ 

Q 2 = <2>! +^ 2 =3 + 3 = 6 jA Cj^UI! ^1 £ >*s^l J ^ 









1 


2 


2 






1 


e ® 







o 




(0, 


3' 

= 3 

2!1!0! 


3' 

= 3 

2!0!1! 
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A: 










1 










2 










3 










4 


• • 








5 






• 


• 


6 




• 







7 




• 






8 


• 






• 


9 






® 




10 


• 


• 










B 


C 


D 



i =0,1,2 



. 1 .63 A^uaIL jIjJj cJ>-j ^jjjIjVI (IujI t jiua ASUaj jll jaa* ^ juiaj ii] -Ci 



76 




80 
83 
84 



86 



86 
87 
87 
88 
88 

89 
90 



i 



■r x - u 



* " - r ■ 



« * 



<U$^ CSLilii 11 



# * * 



4lm >UI 5iUxS) ljW 111 



5 >>J1 Ja3 > ^4lA AiUa Vll 



II 



f V.. 



I 



r \ - * 



r . ■ H 



1 ■ ■ i'r* 



Ik 
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III 



5 



k B lnQ 2 



(l.38xl0" 23 JK" 1 )ln6 = 2.5xlO" 23 JK" 1 



5 



i 



In 3 




I 



i =0,1,2,3 





IkJaU lii 



j cjVIa <j*AaJ! 



*A Aju&I CJU^ll Q\&M\ iu->L» J £uSl 
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78 

4 



£ 



n 



3 
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1 



'(« P W 2 >"3'*") 



r^^JLUlS UusIjj OUS tCij'Ji JJP ^* fULUL uUuaJJ TV j.*J| -I 



(1) 




(2) 



> iV jjjui A^jyji jjkii ji& J (c ja) ljVUi^vi a^ <> ^Jxjj 

(3) 



CO ~ CO 



N ! 



n».' 



/ =] 




allc J~xj jIj^VI <> Aii ^ c$>b»j yjjj ^J&i tf | c£tjMi AJU yjj 





jfljyjj "<y" ^jljaJ! ^UjJil JU^Vi 




on 



i 







(4) 
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Classical Statistics of Maxwell-Boltzmann 



(jL.ja^ -Jj>^u ^ t>>ju*> l^j*^ ^ ^ 

j£ Ji^u ^1 /?, uiU^I Jit 1*j ufljJti A^U- V) jaL- ^U^V! fcOj3»j .^A-a^V 1 

jjj^U! lift <> j^jj ui>-j .JjJUi fr* e x oL>i— 

(Identical) AJLUaUll -1 
(Distinguishable) SjjaaIIj -2 
. (Pauli exclusion principle) jUjj^U l^Ic- ^o^kL V j -3 

r ^-.... ; (jjjAj ALUJl t> life gJlli o^J !0^L^ <>ijiS AjikU ^x. c> 

.fUaUl IjA ofll^i AJali*j J^a>i 
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\n(co) = N In .V - .V - (w . In n. - w . ) 



i 



N InN -N - ^n t \nn i ~^ j n j 



N 



N InN ln/7, (7;i) 



JlnO) = J(yV In jV )-y^ln/? / J/7 / -^Tw,. ^(ln/7 | . ) 



v — 

1 - 



= - In n i 8n i — ^ J 8n i 



=o 




In n i Sn i 




ln(fi>)4-u5 ^ jjLUI ^(Sa) AJjbuJI .**25 <GL5] u^UmA j* , 




L^UuIl <UUi*lj (2)j (1) oj^lII ^^Uatfl ^j^uo^ ljLS :U JI>-JI , 

.^jIJIjII oiHUJI ^5 Jl>-J| lift ^ c-uzu U ?(3) AjJ jaJI 



r _.- 



(Non - Degenerate levels) 



J-U-JL (2) ^JjbuJIj -a J*U-JLj (1) 4Ji*-J! OiJjj t (5 Ja,,M Jsui) gjljatf 



JaJ (8) <UjU-JI yte 
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J 



SU =^ J £,Sn i =0 



(5) 



(6) 

j^SUjfU^ -V- J*-J ^Monotonic function" 

.Lu* (^u, 8jjJ~ lna> ^ dA, ^ fUj 



:J ^ I ln(z !) = z ln(z ) ^ ^ '( 3 ) ^ ^ ^ 



\n(a)) = N InN -J>, lnn - 



(7) 



<Sln(tf>) = -£ln«, <K 



(8) 



: J 4*2 (3) fciU-» jijjfcjl j^^-W :J»» 



\m = ln(-^— ) - ln(^ '■) - ln(fl", '•) 



i=i 



ln(A^!)-[ln(n 1 !) + ln (»2 ! ) + 



2>c 



jaj AiluA ^JU-H 4^ j»lJii«Wj 
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\ 



I 



V 



(5 ln(©) = £ In 



5/ 



n 



(14) 



1 



iijjull J ^1/? j or ■gflja.V (14)j (2)j (1) oV-sU-JI ^ijii^L -2 
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Partition Function and its Applications 



Partition Function for Non-Degenerate states 
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Velocity Distribution Function of Maxwell-Boltzmann 
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(Most probable speed) (v^) ^LujaJl VUlvl JiSi\ **j*-S uA*** ~ iv 



J^lttH 6 li ^^Jad! ^Ifjfl Jte (v m/K ) .*"V* J v 2 e 



2 _ -ov 



(v e ) 



= (2v-2av 3 )e 



-OV' 



= 0, 



m 



a 



v=v 



v=v 



mps 



2k B T 



v = 

mps 




2k B T 



m 



^=1.414 




(9) 



<yLU>ll jkll l 2Ja«$i 4 ll At^uJl iVUbJ JJ&» Cj|4P>yJI : liCAiH (ilPj-JI sift 



v :v :v =1.00:1.1288:1.224 
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dn ( v ) = N(y )dv 



3/2 



N 



m 



2nk B T 




-/?m(v*+v*+v z 2 )/2 



-CO —CO 



A/ 



3/2 



oo 



00 



^2^7 J 



-Pm\- ;2 



V 



TV 



/ \l/2 

m 



2nk B T j 



e- fim * n dv 



x 



—CO 



2xk B T 



m 



2xk B T 



m 



(H) 



1- v. =0 



3 ~ v v , =v; + v* v, +v? V, =0 



4 - v v = v v =0 



2-v 2 



5-^,+^.) = v 2 x +2bv x v y +b 2 v 2 x 



kS 



2\ 



m 



6-v^ = 



V m 
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(Equipartition of energy principle) 5iUaJl jjJjj ^ jL-u \±±a - v 



: ^ k B T iff"* 



(i For every degree of freedom for which the energy is a quadratic function, 
the mean energy per particle of a system in equilibrium at temperature T is 

2 B 



1 2 

ji KM. = - mv 2^ ^ ASUa ^to. Jtla .culS a j ^ ^ ^ 

1 2 

,P.E. = ~kx 1U : ...A \ Ajiaijill fcjaJJ <SUa 



\e(q)N(q)dq \aq 2 e~ paql dq 
\N(q)dq ~ \e- paq2 dq 

1 1 k H T (10) 



2/7 2 



:^2USli *L»^1 d jut LyiLujfc £_JaLuu Lulfl tv^ +dv x j v x 



I. 



mps 



0-»v 



erf (1) - 



2 



lxe 



-i 



0.8427- 



2 



V^x2.718 



= 0.4267 N 



• v j ojj If! CjLu>1! <> 42.67% cji <jiu ^luII j 



1.6 v j v on j>-aa-> jlii LjlujaJ JJP uu-*l :Jli* 



.Las ^ null) jja-all 



:^UK Jjy 1.6 v j v cW ^j~JI I4J iUrf>fl JJ& :J»1I 



1.6v 



= J/Cv,)^, f(y x )dv x = 



mp 



N 



r 



m 



X l/2 



V 



2kT 



J 



x - 



mps 



dv x = v mps dx , 



N 



N 



1.6 



e- x dx = 



N 
2 



~ 1.6 

2 r 



4n 



e- x dx - 



2 



1 



= ^- [erf (1 .6) - erf (1)] = ^- [0.9763 - 0.8427] = 0.0668 N 



2 



2 
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Vll 



(Molecules in a certain speed range) 



47V f 2 2 -a'v 








\a~v~e w dv , 



(12) 







£aL dx = adv x =av = 



1/2 



mps 



N 



0->v 



\x e dx 



— = lx (e ) 

sn ' 



27^ 



0->v 



-X 







2 g"'^- 



2 



4n 



-JC 



= N 



erf (x ) - 



2 



2 x 2 

(A jM) U^J» erf(x) = -7- Je" 2 ^ j 

V^T 



X = 



W V * 



2A: fl r 
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Statistical Mechanics of Diatomic Gases 




Juaifl 



130 



t5 jiJiAV) Ja-ill 



I 



133 

r" y 

.■ L 

135 

■i 

\ 

136 



1 ■- 



■- W 4 



1 > T 



V 



- - 

■i i 

4 info uli o jl jaj Cat* jj 1 



h 



f ^ F ■ 



n 



■ ■/ > < * - 
_ ■ - * / s 
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HI 
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u*#Jj1\ jM Acj-Jl t A/ 4.003x10 3 kg/mole 

v *1203 m/s, *1303 m/s, v *1064 m/s :JaJl T = 0K 



.(M 0j =32xl0 -3 kg/mole 6^J^ (^O^ 1 
v = 446 m/s, v„ = 484 m/s, v W( =395 m/s :J^JI 



.M^ =17xl0~ 3 kg/mole Lh>^U 
v„ =611.2 m/s, v ms =663.4 m/s, v m/)J = 541.7 m/s:J^I 
?LS*H i-jM t i^/ i l cjlcj-AI jjjjj ^j-JI 6* ^ ifi ~ 4 




.0.682. ^-, 2.3LM- :J*fl 



.LaS j^-^l 

N = y erf (x ), ^o^=y 

iV^.=^-^o-,=y[ 1 - erf (*)] 
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g P ^ trans 



V 



z 



J 



\ 



\ 



/ 



J 



*7 *7 T 

trans ~ cxal *~ ml" vih 



(4) 





.<Cutj jiiu lJ^wi ^5 _>a-U j^uail! 



OUjJ (-ilku SjlUl iuojoiJVI diVli^Vl 



AEexat « leV* 10^ 



r=300 K ia>ii sjj* ^uji Xjjiia .<uu*j griiaj 

- 0.03 eV 



A/i 



ml 



i<r\ 



10" 3 eV to 10" eV 



nil 



.(1) JlilL ^ US .SijUl SJja, iajj 
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Statistical Mechanics OF Diatomic Gases 
fcjU, ikfi* ^ ^ W5 ^ c*ji> M*I ^ ^ ^ f" ^ 

:ifcUSU yiau Jsklj ^Sj^l 



2 



(1) 



C,, = 



du \ 

V 3r yi/ 



J-R ( 2 ) 



& as* ^ ^ ^ ^ J ^ jiS °* ****** 

:^JUS CiliUaJl <> 

. ij >1! JB ^ (Translation kinetic energy, E, ms ) "1 

.ajaJ ^Ujj^W (Excitation energy, E acil ) Sj^V 1 ^ " 2 
^ , 4 Z* hJi (Vibrational energy, E ra ) (Ws») ^ ' 3 

.Stj» >j* Jj* ^ (Rotational energy, £„„ ) Mjj^ ^ ^ ~ 4 



: JiAS LUC yUafl ^ ^ J 



(3) 
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U hiiiiri HHriuiiriHhiriHHiHHhHuiiiuHriyiiihHiyHitayitaHiUUiiriUhNHhiriUhUHihHhiiiiiiUiJiiiWilillMJiUbiUliUII^ 



e p J =e 2 (e°+e +e -"™ + 



vib 



-phm 



-2fiha> 



# « 



J 



e ~° (e° + e- 2a + + 



-a 



1 



l-e~ 2a e a -e~ a 



(2sinha) 



(3) 



1 ha> 6 . 



2 



2k B T 21 



(4) 



(A j»U >1) in-jS^Jl MjUI 6> >7/> = — U*ii3«l jSj 



it 



U vib = 



dlnZ 



\ 



vib 



M Z vU>) 



dp 



Jv 



= Nhco 



i l 

- + ■ 



2 e - 1 



(5) 



:,-J 



1 



1 2a 



U vib =Nhco 



1 
2 



+ 



l 



*-N hco, 

2 



1 

2 




2a-/ 



1 
2 



+ 



(6) 



,1 



l 



'2a 



1 

2 



iAjUj^aJI o jl jaJI Cil^jj Ale. j 
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, /(/.I) 

-)tuo -J 



£ 



j 



3 



7 



2 



— 3 _ i 1 



U AiUafl Labjl— (1) JSJ. 



2 ^LU>Ui ^jj^j $ 



3 . 

— /i<y 1 
*> 



1 



3 
2 
I 
U 



4 

3 

■2 



o ? N i 



(Vibrational mode) j JJS^Vi Ja*» 



I 



H(p x ,x) = ^ + \mc> 2 x 2 (1) 
f . = <j+I)/u», J = 04.2,- (2) 



rAJUUi CiUaaCUl JaJ (1) Ji*aij (2) AJiU^i <> 



. j ^ JSS gi =1 J if t-3tfl Saaj ^Uall objlu^ -3 
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i*jilb l^JjlSj ./z<y = 0.29eV $1 <J* ji ! 1000 K SJjaJ 



-I T^-I 



.3.43 J mole K 



i Jj-aJ clOs lii I — a jji: J ^ 6> /ft J Vjl : JaJI 



« £<y 0.29 x 1.6 xl(T 19 J ^ 

^ = — = = 3362 K 

k B 1.38xl0" 23 I 

K. 

L-^i ^ ^ ]000 K SjjjaJ | ^ 

t 3362 
:ui x = =3.362 *l^iM.Lj . 

1000 r 




(<^ /r -i) 



-X 

= 8.3 Le 2 = 3.49 J mole" 1 K~' 



:<UiJM i^Mj ijJL, L^iiJj 4 ^UJI ^ Alsu* 

c vih =R = 8.314 JK'Wr 1 



(Rotational mode) ^\ jj$ L^Ifl -II 



2 2/ 2/ 1 ; 

:(3) 



133 



i 



i 



U vib -Nhco 




+ 



/ + 2a t 



- A/ // a) 


I 







« Nk B T , 



(7) 



iuS^I SJjaJI cjUjJ Jka C(JU1Uj .Sjjf^ll AjjJtifl i^LUJ! 



. k B T » ho) Cx& t.^ 



c 



rib 



-6 



eu 



\ 



vib 



V 



dT 



/V ,N 



r 



Nk 



B 



9 



\ 2 



vib 



V 



T 



J 



4,* IT 




(8) 



^ ifiJkJI 5 JjaJI JjUu C w/ , SjljaJ) ji3 ^ (2) 



c 




'Wui ijj^ Jii. C vlb SJjJ >3 :(2)JM 
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4* = (K) 


h 1 


H 2 cj^jj^I 


6140 


85.4 




2260 


2.1 




3352 


2.9 


Cl 2 jjM 


810 


0.0347 



T « 4ihi\\A§ I J i^U jj -i 



^- » 1 J v-JkL Lbi Ijaj k B T «^-r d 



21 



21 




,Q 



£(2/+l)e 



l + 3e 



(5) 




*<$>*H MJ3^ ( 3 ) ^ 



/ =m 1 r 1 2 + m 2 r 2 2 = /"; 2 , 



(2) 



m x + m 2 



ft 2 



/ =0,1,2, 



* 4 



(3) 



^ & ^ J ^ ^ ^ J ^ ^ ^ ' ^ 

: f ii-pli ^ ftr-A ^JJ^ ^ >2 ■ g, = (2/ +1) 



.A/ = ±1 



rot 



£(2/ = £(2/+l> 



(4) 



135 



134 



4 



CilijjaJIj . (Symmetry number) 



c&-» (Homonuclear) 51 j2\ 




u\* HCI, ••• Ju Sijai cUjJ^Uj £7 = 2 j ^ Q 2 ,H 2 ,N ? , 



ro/ .C 



a* 



rot ,Q 



(11) 



a* 



(12) 



.r, =1.0976 xlO" 10 m d & \*\ N 2 ^jj^Il ui^l :Jll. 



» = -Ji22^ = 2 325xl0- kg, 



6.023x10 



26 



J M = m/2 = lA63xlO' 26 kg, J jaJ t+U, 



/ = 



= 1.163xl0~ 26 kg x(l .0976x10-'° m) 2 ^HxlO" 47 kg.m 2 . 



U 



1 dz 



mt,Q _ 



1 



r°t Q 



Z ro,,Q 9 

(3ft 2 //) 



l + 3<? 



— — x(-3h 2 /l)e 



-fih 2 II 



/ 



6Nk B m ,e- 2e " IT 



CuIj 



(6) 



c 



V 



dT 



3h 



2\ 



/V V 



/ 



de 



-h 2 /k B TI 



J 



dT 



/^2\/ 4,2 



V 



3* 



h 



-h 2 /k l} TI 



/K IkJ 



f 



= 3Nk 



26 



m , 1 -20 m IT 



(7) 



V 



T 



T » O ml SJjaJ CjUjJ 



* 4 



11 



2/ 



ft" 



21 







5 



iSb lib ii^j . J-ISJU (4) ifcU-Jb 6& ^J" • ^ 



CO 



TO/.C 







CO 



*{(2/+l) e -' (,+,)e "» / ^/ 



(8) 







-.fjSSSl oiuj»jJI j»(Jii-Wj .AjJ^in yte- Ji) C >jSj 




cfc =2/+l 



Jjji (8) J 
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136 



v 



64.03 
300 



\ 




z = 



7 7^ = 1/ 

~tnris rvl^vib 



f \3/2 



V 



X2 „ x*l* 



:o jj^aii ^Jc- luSj jl ^pJlj 



3 



1 



e 



1 



3 



2 



1 



100 

r- 







1000 




5000^ T (K) 



ft 



rot 



vib 



^iUS ^Ui>aJLJ AifciJI hUin 4ilkd 5 jl >J! ^jJ £* V * (4) 
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in 2 Ik B 



fc^ '<»" "•) ..- 2X8 K 

J 



8* 2 xl4xl(T ,7 kg.m'> I.Utvio ;i 

molecule. K. 



./ = 6.29xl0^ 8 kg.m 2 ol ft 300 K 



tot 



%n 2 Ik B 



2 



(6.625 x 1 0" 36 J s) —j = 64.03 K 

87r 2 x6.29xl0^ 8 kg.m 2 xl.38xi0- 23 — - — 

molecule.K 



z -il = 300 = J00_ = 4.69 
ro, c 6> . 64.03 



ml nU 



00 



z.,,=y.(2/ + i>-' ( ' +, ^ /r 



/=:0 



= 1 .000 + 3e - 2 * Mmmo + 5e - 6x6403/300 + • • • 
= 1 .000 + 1 .958 + 1 .389 + 0.540 + 0. 126 + - * 5.001 



■it v> / = l jjp ^>uaa Ifl / jvjS (> j» JS 4^aU** -1 

. / o Jbj J- Aft jmu (_>flSUjJ 
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A jonhl \i oil Jl j^it f Luaakij 




144 
145 



147 

150 
151 
152 
153 



154 



kit tn\\ y& jUI 



* * • 

* * • 

^jjliVl u-iluo. Ill 

M ^1 ^^.jHw iJi ^>II uiUA iv 



I 



i 



II 
III 



■ ^ * L 



J h ■ w - 



IV 
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.(4) Jiiftj US .Axi5 j^l ft J j^i OU jj iaifl l^li A liii a ^ijj 



vi£> 



o^jt-^ -III 

= (2sinha)" 1 "1 



Quantity 




HI Alb 



Formula 



-A/ 



F=-k B T InZ 



= Mfc fl r ln(2sinha) 



5 =- 



dF 



F ~Nk B T \n{phcQ) 



S ^Nk B [\-\x\{f3hco)\ 



dT Jy >A r 



= N'k B [a coLha - ln(flsinha)] 



U vib = * *w 



1 1 

2 e - 1 



C , L = Nk ' v,b 



Nk B T = «/?r 
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1 oia.^ ^mjhl wall ^ j*J1 <jL ui jxjj (Magnetization, ) Art < iT f/ 




TV 

fja^JI S.iAjJ Cjijill <> /? =— JJC lx\ jj lila .L» Aiaij ^ ^ u '« - djUft 

I^tfl cU dbJL /i ij.i.jHff « UUj U> Ji 

(Magnetic susceptibility, 7) 4m> jhl\i^ l 4JjIMj ^j-^j 




jaJI SJj—aJI ujUjJ -lie J3j .4jaJ*1\ AuujhWi oil Sa*ill H 

.(^jlaJI ^ 1 njhl w oil Jla-alL 



Magnetic Materials 



Diamagnetic 

x*-io- 5 




Magnetic Materials 



Paramagnetic 
X* 10 3 to 10 5 




Ferromagnetic 
X*10 5 





H 



copper, silver, gold. 
Bismuth, beryllium 




H 



Aluminum, platinum, 
manganese 




H 



Fe, Ni, Co. 
magnetic alloys 
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Statistics of Magnetic Materials 



J^HIj g2U g*U* ^ ^1 ULu^l jiljJBj j<*H^ SjSIj Ji- ittpaJj 

:<UU1I dVUil ^ \)Htjhl"«ti AibJI uiu-aj (ji^u 

(Paramagnetic) i junhrA^ jU -1 
(Diamagnetic) A-u-jIsULaIjU -2 
(Ferromagnetic) 4 j . njh1ff .ajji -3 

(Ferrimagnetic) jHw nj ji -4 

(Antiferromagnetic) ^ .i mH H n jjj&ILS jU^* -5 



ijjfca J J ^ 3 j. "jH Hull lf-»ji ^ c> ^ ^ ^^-^ ^ 

^ iiife SjM Ota U5 M >J! ^fflLffl 6% (J 
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JaSuai ^ Ou^JI -II 

(Qualitative description of magnetization) 

:4JUI| 4*1^ n aju Ujftj jIj^U i ; ,.,U"..| ali^l yl.- ^ 

^ = = MH = ^ ma g netic ) potential energy 



k B T 



(thermal) translational energy 



e" -e-" 



r 



/^tanh77 = M x< 



rj for // «1 



1 for 



0) 



M = n/u H = \ 



\n/irj = z H for 7«1 



(2) 



for 77 »1 



c ^,jj (2) JiJJl sj^ji Ao^tULJ! fjyl yk. n = — J»J iip. 
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JaS jiB t-i*-ajB "I 

(Qualitative description of magnetization) 














p A =c<r* Iff 



: (/ IUlLS ^UJ JjJ^I 0*^ d £1^3 
.^iA jtk CJjtt J^j JUi^l ^ D^J v^llj lH^ 1 J 5 — 51 ^* V* *t _1 

ja^l j* aljiJI Aj*j J-3»» ^ ^ „iS— » 5SU3 e 4 -2 



Ml 



III 



(Langevin's theory for magnetization) 



Jl — ^al\ &1 -y'\\ J — iL ^.lJIj (J hflll <^jUj CJJ% i^jUjSljJ S^-^J b^l^j 



dn 



ce 



do) 



ce 



PfiH cos 



dco 



ce 



PfiH cos 



(ixsmOdG) 



0) 




y-J // uLaII ^LS ^> »U3I (3) ,>i 




ju cos 6> rf« - ce p/jH cos0 (/x cos 6) In sin 0rf (2) 



Osk cJ^ui JU*» ftUji ^ uJaiii ^il dp £ O-J 



2a- 








/?//// cos 



(ticos6)27tsm9d6 (3) 
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1 



Magnetic saturation 



0.5 • 




M_ 



i (2)JSiB 





. (Magnetic saturation) tfl < nj)i l w«fl J-^J 

Li_,i ^jj . (Low disorder s Order) pUa» J to j 

jll |j»j .P A =0 j? t =l d ^ fJj" 11 ^ 

. H » 1 A*iu j-II AJ* jUJI dVMi ^ (jMi 



J-iu M J *H (3.MV<»H CiVUJI tiuij) AjOjj^I SJjsJI OUjJ Jjft -2 

J ia-I Atij . (High disorder) AJj- jjft jw^jj ^te 



: J JaJ .V^Ui-ljUl Jlj-U ^mj^A ^>j}\ J433 (2) tidxAj 



Z = 



M n[i 2 



H k B T 



(3) 



Luc <m ji^ii f2 jsj jjs o»3Ur (3) ^■su-ju ojaw 
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M *n/j = « (7 « 1) 



3 



- — + ••■) * —?—H , 
3 45 3*7 



(6) 



jl) JiufcJa o^J^ SAJi J ^iu lib j (77 «1) A*ii>*ll 7 ^ -2 



(7) 



M =n(/icos0) = n 



T 

J// COS 












]cos0sin^ Hcostf ^ 







(4) 



Jsin & ^ cos " d 9 







dL*^ ^ (4) iw*^ 'W? 



if* 



= cos# 



-sin0=<fy 



(7) c>j 



/ 



2 = lim 



dM 



\ 



zn 



V 



5// 



n u 



C 



3kT T 



(8). 



.3 j u mM li^ jUi ji>4ii ^j^s ^aj 



-~/uH J 1 *-* 31 iib Cj\ U 




i^Iias Z sp .(1) JUilL LiS = /J H A^Ua j^ai j ^UuJI 



z 



sp 



z 



N 




N 



sp 



(2cosh(7)) 



\ye* y dy 



1 



= nfj. 



\e " y dy 



1_ 



= njd 



coth 77 - 



1^ 

n 



(5) 



(4) ^ 1 (Langevin's fi 




LxW iiU<^A 1(77) ^ 




6^ 



^ (4) Ji-i 
.77 



148 



149 



ljUjJ £tfjjU <U1 JjiS J gjhniii jif jaijuj .>*all ^JJ Aj!i»jfl ASUall J*aj j 



C H 4j£ jilt S jl uLwOk 



* * 



11 



V 



cosh 2 7 



0, 7 



00 



0, T 







^7 « 2/*5 ^1 Jiau jfe O yJc ilsLuuj Ja, j»j c„ -» 0^ <(r -> 0) 



jj iiu Utf&j .AilS 4iUall 
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// Amnion -UlU v 1 -^ 



i 



/ / -L^Ut All <UlM 



SlnZ 



\ 



= - A/ //// l;mh(//) 







/ > CO 



/I' ,v 







Or 



£7 



-0.5 - 



-1.0 




AiUaSI jJtf (5) JS-i 



1 



5 



5£ 




AiP :d (5) Ji*i» c> ^ ^ W 5 * wi ^ 




0) 





TtTtTttTtT 



(r 



CO 



) w 



(r > o) (v) 



(T 



o) 0) 



t c -6 j£i . Afaa*» fj>a ^ ^ ^ ^ '^v^ 
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oWjH^ oWj^ (ffc&ij *JiwV Uj^lS ^jUJ) JUaII oUjL 



S=Mr B lnfT = Mfc B ln2 



IV 



M = - 



V 



dF_ 
dH 



(= = — - n IT" = tanh ?]) 



.(1) AliU^i 4J& UW U 5^ jft libj 
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5 =- 



v 



5F 



In/ 



= Mfc B ln[2cosh(^) 



^ tanh(/7)] 



A'A; B In 2, 



0, 



T 



CO 



o 




kjT_ 








JjaJ ^UjJ Jfc (8) d*A» <> J*J <^J>^ ^! 

jai 5 ->o J j*s «(r ->o) 



S = Mfc fl W =Nk B \n\ = 
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2m 



)L. = 



e 



{—Vim, 
2m 



/Im, 



(4) 



<u*i, (Bohr magneton) ^jfaULJI ja^j cjjIS ja ^ 



eft 



2m 



B 



t Z 



= 9.27 x 1 0- jr 1 =5.66x1 0" 5 eV-T 1 




(5) 



r = fi L *B =- 



2;?7 



(6) 



taijji- ^ JJJJ) <J*ki /^-UUJ Jx^, tf iflj 

.jii >Ui 



<utL 6 la ^Ui^i JU^i ^ # ^ ^ ^ u ^ 



J 



9 B 

e= \rd9 = n L B j smOd0 = - M B cosO 



JT/ 



W2 



(7) 




Ms = -2.0023^5" 



(8) 



: ^ V* Jill ^Ui^l jUJl ^ ^UJl ^jjj <> J^JJ 



H b =mJ<L+2S) = Mb B (Z. + 25 ) 



(9) 
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lJM <^U& ^yufaULftfl f >JI (9 A) J*!* 



IV 



(Magnetic Dipole Moment) 



z 




juus iJb&n ^jus (^^JaUL^Ji ,»>n 

yj .vie jjouj t XY j jm^j <■ r o Jaa uiwaj ^1 +Ze SljiJI Jj^ 



0,1 



0,L 



myr) 



(1) 



7=1 = 



r (2nr)lv 



2nr 



(2) 



ji L jtb (Orbital magnetic dipole moment) ^^^Ui^ Ajc 

:4jjbLoib ufl jjuj 



/i L =Z4 =/|>l|ik =( 



2ot 



(3) 



cJJjiiWI -Ua^J Ijla^j -Z ftia,^ -Ula 



.I^ju-U AM^1\ ^ iiU Lui <> ^jIU . L ^4 JiUaa dUjU OjS3 
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Qi"w »nl M f Lu^xj 

jla <U!ul 
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.F 



F 



7' 



av 



N 



J 



(2) 



2 m 



1 



? 



1,2 



/j 



3 V 



I .'2 



(3) 
(4) 



h 



V 



A' 



» 



1 ■' Am 



(5) 



:4JU1I is jjjtfl Jftvri Ua^ g*«a5 4jjJ3ifl J ^isu Ija j 



.1 




==1 ° 25 molecules m~ J 



F 



1 



-25 3 



molecule 



molecule 



V 



molecule 



P molecules 

10-'°m 
4 , 



1 0"" m 



3 



molecule 



) 3 *10- 30 m 3 



NTP Jj& jUJ! ljLL> -! 
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Quantum Statistics 

ij** cW" ^ ^ <*» ^ ^ ^ ^ ^ 

^ A *<UJ J AJU ^ ^ j*3 irttta ii-j»J 6* ' ArAp » A 

^ ^ ^ unaa ^ *W> ^ ^ ^ 
j3Liifl^^^^P w tao« 

:Ja >JiSl jlxL UJbfr 



r 

av 





(b) 



(a) 




h 



(1) 



: J pix = hlp v*>J5 Jj"4 ^ "tf J ^ < JJia ^ J 



''av » A av 

r m « K 



(classical limit); 
(quantum limit); 




r w » K 
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iSU v J O >lau f DJJa-a «UbJ AjjI jaJl li^aLlj^i J^Vj 

.(2) Ji^U 



energy level 







= 7 


"j 


= 4 







J 



x O* huj (2) JS-i 






d&j N 2 =N -N } AjUlili C^Lddt JJfr ^ J>uaaJi j iV j 

: ljjjjoII life Jj.^U j^n 4 Jjiafl jC 

AM 

CO - 



N X \(N -N x )\ 



j 43Uafl i_j>uuaI SjjIjsJI IS^lijfl 2jiLu*i J 4*3 ti* UilLhJj 
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UiLa ^JlOlb <<U £t-Ui f*aJI 4> l^a. jLual Lift f tf jaJI ^ J JaJ <Ca, jUUl ^ 4</fc!L 



A/,cm,n, = !0 28 electrons m" 3 rdUj^SIjfl ttlfe f.Ji^-L 

^ fc c™ = — 5 = 10- 28 m 3 :OJJ^ cttd^i** 

electrons 

r, =-= . * = 10~ 9 m : osJS^ jU v 



i J 



-J^j p-Lua^! j till jjJ -(^JJ* f-L^! ^ J VI *JU^I 1^ ^ uiujLufiia.! Oi&iJ* 



j&Sf V ^ itu. .6U ^jIj i.^ (Antisymmetric wave functions) 



160 



(Symmetric wave functions) AlliLla JIjj l^S Q^jjjJl 



1 




■ //f 



y energy level 









13 



j 



Ifj uiijS ^ J>3I jjc U :<^UI J)>J1 Ui j^uj .41,15 g y j „ JjcVL UatibJ 



, (l) 
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: J ^ cAalW uu^U- JSJ (1) *lJU-» ^ 

Sj- (2) 



dfx VUi*! 

(3) 



(4) 



1 



(5) 
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,3i>lSII tiiUjjjiU i^+A (JjjiB (j^ti J 




Spin 



B.E. (Bosons 
Indistinguishable 



Symmetric 



0,/i, 2/?,--. 



F.D. (Fermions 
Indistinguishable 



M.B. 
Distinguishable 




Antisymmetric 



1 f 3 f 



Any 




n 



co{i) 



n 



j£j | photons, phonons, 

4 He , n -meson, 



0,1,2, 



_ (",+g,-P! 



Q « £ = n ^ 



/(*,) = - 



I 



Applications 



-1 



electron, proton, 3 He 



0,1 



°>FD 



1 



+ 1 




I 



Photons of radiation, I Free electrons in metal 
gas molecules at very and semi- conductor 
Low temperature) | (except at very H. 

temp.) 



0,1,2, 



a), , „ = 



MB 



(*) 



11 



Q 



MB 



is; 



Gas molecules 
(except near K), 
electrons at 
Extremely H. temp. 



LjU^aJ oliu-aj JaLuJ ^ ^ Jjjjull lift LUui clu* ihjca ^Uua difa (*) 



^u^Ji c^Uji^ jjc ^ jja, Jfli oLojU-aJ jje J ^ U <4iia*d ^IjUUj 



«g\ for ally 



165 



ij± j^u aLl^ j* a* ^ jam W-ii a*bJi ^ <^b 



Jj^U fLo^J (J CiLia ^ AjlJ&\ :^!>> 



C£>UU- ?\mJj tgr ^ Sjl^ai uU iga>u*J uijjft fl-i^i i(2) 4 



(3) 



e -1 



1 



/> e (. J ^)/*.r_ 1 



(4) 



1 



/ ( £ ) (e-/i)lk B T _ j 



(5) 



^ 
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/-level I n i \ g t 



1 



2 



2 2 



1 



I 



2! 



2!(2-l)! 



= 1 



%(0 = 



», Kg, -i)! 



1! 



1 



(2 + 2-1)! 
2!(2-l)! 



= 3 



+ 1-1)! 
!!(!-!)! 



= 1 



= 3 



6> 



MB 



a"' 

(0 = ^- 

77 



2 



2! 



= 2 



1 
I! 



= 1 



ft"' 



7=7 «, ! 



= 12 



13 j^Ui Ail j . ^ = 0, s 2 = 1, f 3 = 3 iCASUd d&SJi t M, y,..,^ 

.lifljjJ -y->jja *luaa.j £-lu LjUiuiaJI £,1 ~3 
JaJI 



Micro states 
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1=1 n i ' 

lx*\ 3 IbU^ l< \A ni oSUj SJ^ j^j AUkUJl oUu^il 4£Aill i^jj^ JjJj 



n { 1 



+1 for FD statistics 



f = !lL = : a = <-\ for BE statistics 

e +a for MB statistics 



jIa Ailal —III 



£ 2 



liUaluwSi jJD -i&a JJ*J ^=H fr^i * Uu "^ tf jUi ^2 iS&^J -o^- 



2 
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Z FD = e - fis +e- ips 

1 



retail* ^L^xl jjjjs 4jj$a-o]| ljUjIuuJI jjp uU cM-*YW "1 

9 = 2 (1+1+1) = -""(^Ujlu^i jjft) =<Jj^!i LjL^lu^ 

fJii«u jj fUaa.V 



3 



P = 



P{A) 
P(B) 



6 



2 



3 
3 



1 







3 







lyllil JaaiU jjiVI JjJaJI «> 
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Z 



I 



3 



1 







E 



CO, 



Microstates 
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AA 







1 



AA 



2 



1 



AA 



6 



1 



k 



A 



A 



1 



1 



*5 






A 




A 






3 


4 


1 


1 



z 



1+e 



+e -^ +e - pe +e' y}e +e-" PE 





3 
1 



Microstates 



jfc 



/4 







E. 



CO: 



A 



A 



k 



1 
1 



A 



3 



1 



A 
A 
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Z FD =Xs< e 



= e -IK. +e -&l +e -V> +e -0B> +e -^ + e -&> 



1 8Z m _2£e~ pE + 4se- 20£ +3se^ £ 



Z FD dp l + le-P* + 2e~ 2p£ +e~ 2pe 

3 

— s (asT — > co) 





Microstates 












k 5 


- 2f 

















^, = If 











a 


a 


^ =0 


aa 


aa 


a a 


a 


a 














£, =0 


E 2 = 




E 4 = £ 


E s = e 





Microstates 










k 9 




= 2e 


a 


a 





a 


aa 


£ 2 = If 








aa 


a 





£ l =0 


a 


a 























E 6 = 2e 


£ 7 =2ff 


£ 8 =2f 


E 9 = 3e 


£,0 =4* 
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. (Einstein condensation) 




£: 



f 2 = \£ 



£ x =0 











a 



a 



£ = 



k 







a 



a 







E 



Microstates 



k 







a 







a 



E 2 = s 



k 



a 











a 



£ 3 = 2s 



k 



a 











a 



a 











E 5 =3s 
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z,„ = 



BE 



^ BE 



[n t } / (vnt'rg\ m lewis ) 

_ -2 fie, 



-PE, 



*0 . ff '^ 2 -/3(s 2 +e 3 ) M ^2fi £i 



+ e 



+e 



1 



8Z 



1 



n, = - 



J3Z 



BE 



dZ 



HE 



V 5 *> St.,,;, 



■■a 



2e 



P(e x +E 2 ) -P(e x +eJ 



Z 



BE 



-Be ~2Be 
2+e H +e H 



-2/fc 



) 



1 



az 



\ 



/?z 



2e 



z 



e r (1 + 2+e ^ +e H ) 
(l+<? ^ )0+£ + <? ) 
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1 5Z 



Z 



HE 



d/3 



3 + 2e- p£ +3e- 2(lc +e- 3pe +e 



-Ape 



3 

9 



(asT 



00) 



('f -»oo) SJjaJI ^UjJ *i ih~S^ M*^ ^W* 8 <> 



U..M nil 1 



0) UA^. Aku.jUI ASUallj tf 3 J Hp W 2 4 



1 -2 



-1 
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.s^Ji) j^sJl 
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1 


190 




* * 
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iv 
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V 



I 

II 

III 



1 



n 



dZ B! : 



2e 



+ e 



Z 



) 



-2 fie 



)(!+< 



7 



-Pe 



+ 3e 



-2/fe 



+ 4e 



-3/fe 



) 



U = 



{\+e 



a 



/7 



2, «, 



0, n 3 -> 0, 



[/->0 




. e, = 0, = 1, £ 3 



J -1 



I -1 




^buiV! yj& Uul -Ulp Ajji ^la ^ 




1 -C \ -V. 



VI 



J', ^ j^Vi oJ^W <^**J> uJB 4j JjaJ JiLa <LLu ^...^ 



4_i 



J* ijU ^ JI^Vl JS ^ ^ Ajli j^fl ^1 ^ 

.(7) 4&!k*» ^ 




^ J^a J>-VI f*-ail u (X) V^V 1 aUaJ1 fcu£i (2) JUi 
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NdyiNuiuudiiihNiB-iiNhidNhiiiiiiirdhihihiiy ihnhninuinniiiniihTvn 



Applications of Bose-Einstein Statistics 

^ iuJj ^ ^ ^ ^ J^U ^ ^ ^ 





j j^Sft ^woJi 



I 




.^1 ^ J^i (1) ^ 
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(SjjHflM Jj&\) A^^li ^ .-(Wien's law)^'a>^ "9 



w(/L)oc/L e 



-5-disI 



£ U-iV! jj> <_ ^jj- aSU. js L^Iasj "is " tiUafl jji.j "Quanta" ^ 



t £ =/? y = h — 



» ('0 



%nhc 1 



(1) 







'•-''max 



:4l)butll iaj^JI lift j 



x = 5(l-e _Jr ) 
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4*£ >JI S J 



'max 



j>a sijji uiusjsn 



( ^ ) 



: j ^ ^ ^ ^ (r ) ^ sjj*» ^ 



(r) 



6 = 7.55 xlO -16 J m^K" 4 ^ ^ 6 d ^ 

j^Vl) ^U^i ^ ^ Ji» ^: (Rayleigh-Jeans law ) Ji» ~vk> 



8 



OC 



T 



j>u, ^ oii-i r^i J ^ ^ '^^ us»j- <>j 




? ui ^ to J ^ j*> ^ •" 1 ll,ra - violet cataStr ° phe 



17K 



* 



h h 

/>=- = -!/, 
A C 

dp - —d v 

c 



2 

£(^=2x4*-^— <//?, (2) 

n IV 



g(Vy»' = 2x4/7i / —dv (3) 

L-jUailuiV o J^" 1 ^ cJjAUjVI ia-nJ (3 J 2) u^JU-^l ^ " 2" > ^ .. | > 



c 3 e° +/te -l 



(4) 



:<yfc JJa^l ^XUI ^ udv = —£ 4&Uafl JiliS j . £ = hv 

W (v>/v = g(V)-^ 



1 



c 3 e a+ *-l 



(5) 



ajuii ^i ijj ik (l) ^buiau oj^^i dissb Abie ^i Jjjj (5) ^ju-jij 
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MHHllllHtllUIIHilltfllHtHlhWfUHhl^ 



fihe t 

: j* l^j ^ r.Ji! J I*"* Ja. 6^VW -X = — ■ 

x = = = 4.965 

-sj r= — — = 2.897xl0" 3 raK 

max 4.965A: B 



^ JuWlJ ^ V J* ^ ^ ^ *** ^ ^ ^ 



^ ^1 J ^ • A, nM = 14xl0" 6 m *> ^ 

SJj^jjJ ^ A,,,,/ = 2.897xl(T 3 niK «^ ^ H* 3 ** :J*» 

j^aJI jti>« 

_ 2.897 xl(T 3 mK = 2 I 89JxlO] 3 jnK ^ 2Q7 K 
T = 1 " f4xl0" 6 m 



^ui^i ^ ^ ^ ^ ^ ^ 6 * 3 

f L~l ^ -fi= ^ ^ C ' U ^ ^ ^ ~ l 

. f ^ ^ diia . (zero rest mass) ^ i^A 0^ ^ -3 

15 =cit • (Dispersion relation) Cu^l ttte ^ ^ ~ 4 

E =ho) = tick 

. v J. A crM-" ^ ^ ^ ^ M 0i ^ " 5 
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« = \u{vJ)dv = —\-——dv, (8) 



o c o e 1 



h (k,J V" x 3 



2 . 3 



/T C 



v a ; V -l 



dx=bT\ (9) 



15 



41jUJ) CiLbUJI oi^j V ^ni lifJj 





) (Radiation emittance) (M AjSbuWi) ^UuWi ibuttb * hnj ^ 



n 4 



« = -«=o-r 4 , (io) 



27T S k 



4 



.GkR* -olim- CulS ja o-z^^—^^s^yxlO" 8 Wm _I K~ 4 u 

15c fc /r 



(ii) 



(11) 3JjlxJI >t ilkJ| jL*ll ^ua!\ IJj^hiji Juaj Uifc jLaU Jjjj yjbj 

4 SOU 
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a = 0, /?= 1 



j Creation ^ ^ ^ * ^ 

. Annihilation p UaVl 



C 

V - 



dv 




, x dv , . c 
w(A) = -w(v)— = w(v)-^ 

.(1 AJjU^I jM) aSL 0^ ^! Jjj2 (5) J ^ 



^ (/3V « A /( r ^ y?/n' « 1) ^-i^t ^ -1 

-\}* f + phv - 1 » phv 

-<^j ^! JJJ 3 (5) 01 ^ 

u(v)dv = ^Z.^v, (6) 

c 

^Jil- (fcv » k B T => yS/iv » 1) <^«j3« ^ - 2 



: c«a ^! J j$5 (5) d ^ 



u (v)d v - — -5- v e p dv, \n 



c 3 



.^-2) uiL^l (5) J-ISM AJiJI ASM AiUS jUiV "3 
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^jluuJ) <uUa dua. tA^ UjUfrU ^jVl jjl^L d\ Au.yW ix> ^ ^Vt JSjj UjftJ 



:J JaJl*^ =0 



^ =/ (*. = 0) 



1 



1 



N - 



1 



=> a - In 



1 + 



1 



\ 



v 



N 



1 



N 



0^ (^J^ isS***& d -toJ Ij*J nil 5 J jaJ! ljUjj (1) aJjUuJL = 1 j! 

** ^^^^^^^^ 



:4±iU-4Jt ^±LLuiU Liu-dlS <UuaJ Ujcj iiaij^l SJjaJl CjUjJ il& oUu*ai] 



CO 



00 



N e =N= X = 



g O) d s 



a+pe 



/=0 
(levels ) 







-1 



(2a). 



/ \3/2 

m 



TV = 



V 



f ~ \ 3/2 



co 



In 



m 



4sd 



a+pe 







1 



V 2 



oo 



4xdx 



(3) 
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Z 



CO 1 

n 

nhoton 111 rt 


(12) 


3 


(13) 


S =-bVT\ 
3 


(14) 


3 


(15) 


E=F+TS =bVT 4 


(16) 




Bose-Einstein Condensation ' - ' « — - H 

o i 

: J *H JJi-Si fUauS Jib oUj«lU3 ^ISH JJ*JI tijjS ^ 6- J 



CO 00 



/ =0 i =0 



go ( - £i + 

= N +N X +••• 



(2) 



184 



.T 



B 




iN = N A = 6.02xl0 23 molecules/mol $1 O 1 *^ &**^J&*A =tW 



^ jUJ! insj F = 22.4xl0" 3 m 3 



J* 1 (53^ hiu^a uau JliJI 



: ±h (5) (.l^ilu.Lj . m = 4 x 1 .66 x 1 (T 27 = 6.65 x 1 (T 27 kg 



T„ = 



h 2 



r 



B 



2nmk B 



N 



\2/3 



V 



2.612F 



-34 x 2 



(6.63x10"") 



r 



2^(6.65xl0~ 27 )xl.38xl0 



,-23 



6.02x10 



23 



2/3 



V 



2.612x22.4x10 



-3 



= 0.036 K. 



H 2 Jlc. c> jaJj J>aI :^>u 

.14 K U-xJI 



5JjIxaIIj ft J jaJi 



/ \3/2 



T 



(6) 



1- 



✓ \3/2 



T 

V B 



(7) 



g(£T = 0) = J*J1 UUAj SajSj dlij Lu-a liai uiiA^i Jfi ;J <r 5 t A-u^il*3i SJ jaJI 

.^-uajfl ^>uaaI1 gjUil jjuSJI ^l^uV) JUa] fj jia JsJI lift JUaLj .aLjly^l AitiSj 
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^2nmk B T 

= e- a =e*<\ (Fugacity) J jWl ( Absolute activity) ^ 
^ al^WI ^ ^ 3 >J (3) J^UU! 



1 * * *l 



co 1/2 j 



=2.612K x 



f 2nmk B T 



\ 



3/2 



^! Jj^ (3) *M»-n 

(4) 



^& J-aaJJ (4) 4J^U^U 



/3 2 f A 7 

r„ = 



x2/3 



B 2^m/c l2.612F 



(5) 



B K^ 1 / 



186 



. £ * £ja. a jliJI 



£ = £ 



TV = -^x2.612 



X B 



3 2.612 TV 



=> r B = , P = — ( 7 ) 

p v 

jjiUJ! j^tf IjJj ^^Jl J| Jl4 J| ^ Ji|j3l| 



4U3^aJI SJjaJI ^UjJ ^ ^Itid ojj^l jl& o*\ ji-III 

The Properties of Ideal Bose-Einstein Gas 



/(*,) = 1 



(1) 



:4jit2S ^ItUl CXSJJ^ J* (J- 3 *^ (-jLu^ jJaluu 
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5 JjaJI AajJ 



j ^ j*s tf x. ^ (3) js^j .u^i - ^ 



TV 




T 



T 



II 



TV 



TV 



(3) 



\iA cijp jaj .1.3x10" 7 K SJj* 



jj*, Mi^ id. .J ■ o n Ji* J & ujj^ (^) _1 
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5 V 



iT B ^jaJ! J-* SJjaJI A^jJ ^jUS La Ait dljj *1.92tV >fc s 





Aj&^I 5 JjaJI jjX (4) Ji*i 
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^jjUtfl UiLuA —111 
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7 x 
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: J ±h ^ <7„ SJjaJI OUjJ ^3 
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t/ 



g(e)ede 



Ns= L />(<-») 
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= 2xV 
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e m de 







P(c-tt) 



X = 



(3) 
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27vmk n T 



3/2 



«> 3/2 

X 



dx 







-1 



1.73 



y J 



F =- 
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/.612 



3/2 



2nmk ! T 



11 *■ H 



U =0J7Nk B T 



/ \3/2 
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; V. J-^sJ (4) ibls^b Iji* (J&.j*&*3 
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(5) 



s.^.tt ouj^ ^ r 5/2 us ^ saw d ^ j 



AjPjUI SJ JSlS UiLuA —11 



l^si\ lju 3ih sjj*» J ^ ^ >^ ***** s ^ ^ JJ ^ 



r = 



3 

2 



(6) 



B 
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jte> cJ^\ OA\ 
^L^i! fUaiU Aj&jli! SjljaJI 
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196 



198 
202 
203 
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j". r -r_- jl v 



JL»U> ill,! 



■■ I 
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<S3 



* 



F=U-TS 



= 0.51# k 



^-133 k J 



T 

^Trm^r f 2 y (9) 



h 




: ^UJU Wuill ^ J ( 9 ) °" 



\ 



rf^lVt' 2 (10) 

= 1.33M ^ 

(ID 



3K 
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hj*l\ CjUjJ ASUaU ^jUUi jjJjSS ILUali 

:<yfc (SjjLU Ulll AL^jl^l 



/ 



U = (3N +3N) 



v 



2 



(2) 



Q = 



(dU 



\ 



V 



57 



-3^ ^25 Jmokf'K 



Jv 



(3) 



(1) Ji*i]U ui*-a>i i (Douling-Petit) <^ -giJj.il Ajja&tft oia>j 




SJjaJt ^.jj e (C (/ j ) Vj^l 5Jj*» jJu :(1) J<LJi 



:J tf l *(1) Ji*iIL US 

(4) 



HmC„ =3i? 

7-*- oo 



s J 4a jJ Js. iA^JiluuJl AjjJaill U-u < # » J jail 4a. jJ L-ijjiu j^iaj t£Uj £y>j 
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Aul^il ^U^SU AjP^ S JjaJ\ 

Specific Heat of Solids 



^ ^ u, ( ^ ^ W» ^ ^ * ^ ^ 

E ^ VJ ^ c3> ^ H*»> ^ ^ ^ ^ 



I 



(Classical model ) ^^1^^ " 

. (Lattice point) ^ >j *1 <^ fiSj- 

^ cibLi ^ ( v E ) ^ o^W^'^* ^ ^ 5 JJ ^ ~ 3 

.(Lattice vibrations) 



.(X,Y/Z) jjU. ^ ^ ^ ^^!r^ S ^ ^ 



^ tJ ^> 6- . (Restoring force) ^ ^ «J* ^ W *J*J 

^ r P*< + 1 k x 2 (!) 



;=1 



^ a-yi d ^ *^ ^ d ^ lJ! " :),J:^lr, 
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C v = 3R 



f 



la 



E 



T 



(5) 



l {jit i~£Sjj "Einstein temperature" £yiiLi o Jja. AajJ £ 



(6) 



5 



(jJj&W ^JuJall JJj^l £jju J <-riaj 0^. ujL^sJj .T « 0,. U^-& ^-oSH <^UJI 



c„ = 



3R 



T » 0, 





3i? 1 U * 



\2 



(7) 



T 



-0* IT 



T «0„ 



limCV ~ 



(jlkJI yfl 7 Uj^ Jj^j (5) il^l J L^ul ^ J 



igj\j& O*^ fUaM ^ s ji J* d U*J& d (A U 
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(5) 



limC,, ccT 3 



t «e 



(Einstein Theory) c*£^ ~^ 

iji js d ui ja j ^ fW« ^ ja J j*» ^ ^ ^ ^ ^ 

^ ji (v, ) «ja a-" ^ ^ ^ ^ ^ ^ ^ 

■ p ua jiin Sib ^1 M ^j^ 1 ^ C,b -^ A31 ^ ^ ' 



= (n+\)hco E , « =0,1,2,- 0) 

7 _y p -^„ e '" = l - = (2sinha)-\ ( 2 ) 

Z sv~L e -\- e - 2a e a -e- a 

n 



1 M\ \ . OlS t^llil 




:c+ya 3 (.i&su AJiJl AallJi 0^ W*J 



r 



U =3N A hco F 



1 1 



+ 



(4) 



196 



5^ jUI (^u jj ^1 AiUa ^iL^luw) LUttl JJ& ALUJ) ^LuijaJi J^ti <>j 

:A&*il c> ^^Jaxj v+dv J V JJjUl ^loj 



\ 



v 



V 



3 



CD 



A^j-ii 4^j^l CjUUS* a^U (I) 4bU;.J Tjj "2" <>u^ ( J.aiU f ;» <i 



(3>b )j£Jdl .(3.^7 )J<^iS q£*4j ^ g(y)A&&l o* JjU 

V~ J W-0* gi ^ g(V) 0* ^ AJj tAAjia. S Jv? U g(V) AiliSll jL**a 



«U OJI SJSUJ A-a (*U&tfl '.JT^ A.. 



J is ^^u^ 



/ 1 

^/ i 



ok 



v-. 



V 



AjLia. Sj^LJ AiliSJl ) (^urfiijlj (/UjJ ijjjAj (a ) 
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(Debye's theory) ^U»J Ajj^j -III 

sj^ ali^u i^i iila s jjug cijjii J iir- u-fc -^-» ^ v 5 . ^ 



Ujl tf i o^a gr^Wj . (Lattice points) JaUi >j Vl 



Uiajx^j .Sjjyi J^> ***** lt^) ***** J ^ ^ ^ 

^ SjjUi A^i J\ J u ,>a ^" lJ W^j*^ 

.(2) Jiill j^l Sji^ ^J 1 ^' 6^ 



jijy <> >J ^ ^j 31 ^ l3! ^ l ^ W:!J ^ 

JLiuufl ^ Jo- oij5»-aj ^ r-^ 1 "^-^ ^ ~ 2 
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:d ah (4) j (3) o^J^I cyj 



dn 
V 



< 



9N v 2 , 



(5) 



, v>v D 



j ttUd yjc j^j uaa E = h v o> ji» ^ (5) <JjU-JI 



■j>-aJb "Debye temperature" ^LluJ ojijaJI lJjjxjjj 



© - hv » 



" k 



(7) 



<> l^jrj ^ sjuu ^jjiAvi ^tntin jjjsn d 







.J 



:<J&\ (J^ul\ ^ Jiiwu Li ^u, kJsl\ 4l\±£\ AiOs ujluaJj 



h\ 

x - 



k B T' 



(3) 



° k B T T 



(9) 
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IMhltfllllTllllllllriNlltHhllhllrilrillllrikllNhllllhlrilJhlllrihlllrirlhlllJilril Ihlll Ihlril Ihlril IhlilJLIriMhlrilJhlilrihlllJI lilril I Irihiilil kNI.hlil ILNI mdlJLIil Nl r rirnn 



D 



* (Cut-off frequency) yJ&h 







/ 



AnV 



2 



1 



\ 



7) 



(l.a) 







97V 



4;rK 



2 



1 



\ 



-l 



V 



3N 



I J 



4ttV 



v 



(2) 



1 



1 



1 



V 



v D oc 



V 



= P 



1/3 



-1/3 



mm 



:((1) ^ (2) (> o^y^ *i) fc^ iiA 



g(v) 



9A^ 



for v<v 



(3) 







for v>v D 



g (v>/ v/ 



1 



(4) 
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9Nk 



D 



3- jx 2 dx =3Nk 



B 



(13) 



D 



Ajjjfia ^ 3 ^i^y ^ikbj .^mii ^ otsiku Uij 



i 



:-UlSJ 4itM 4illS <j' ^ liflj 



«-«o = 



9A^ j 

o o 



- A- 3 



1 



dx 



9Nk H T " f 3 x , 3;r 4 



x 



o o 



5 







(14) 



15 



. j^Vi j^oJ £buiV 0j3til "T 4 " 4- *JSS 4iUs l^LS tf | 

^^Ji ^ 0jJf kj f U^VI o-iil p^LuU Ojmj^j ok*U J ^ lit 

:^ SJjaJI J ^ c(14) ji c(ll) 4hU^ii 



9Nk 



3 i,~ T & = ~r~ Nk B 




T 



\3 



v v — 



1^0 



(15) 



15 



^Uj >J 'T 3 " 5- Lj> J juiij (15) UslxJ! 



ctt JjU (4) JS-ill juijj > T < 







D 



10 
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U -U = JVw = 



9Nh VD r hv 



o 



fihv _j 



9Nk„T XD r x 



(10) 



D 



^jiS SjtjaJ ^ jjjj V AjjIj ^ j . to ASUa ^ "o d 



c„ = 



( ^u^ 



dT 



9Nh d 



D 



Jv 



9Nh hv 



4 Bhv 

v e H 



vo k B T 2 J ( e ^"_l) 



dv 



9Nk 



x*e x 



D 



iL f_ 

• («■-') 



dx 



(ID 



d (H)J (10) gri 



0<X <X D t5A*» 



x D «1 



w = 



9Nk B T XD c x 3 



3 



D 



J -1 



9Nk B T D t 



^x 2 dx = 3Nk B T 



D 



(12) 



^ (11) 0- Ajfr^UI SJjaJlj 
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lift j . *Lu3 jaluLftJI j AJ^Iall ljIa^JI Ajjluila Ifj! L^ua jail v <j-»la*J1 i-iiiUl -3 



'LycajxlubJlj Auj^IaJI £A^^a13 ^ill^li ljU^j^I jS ua jjxa jj& Luaji (jijill 



Jl» (Amorphous materials) j£ tiAualt jIj^ 4Ju*-*Jl juUUi o^flaij 

. 0.01 0^ Jl* 3.^1 nit SJjaJI .*> Vj cjjSIS l4Jfr JJaii V 
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^■llllllfHlltMriiiHiyillliHriHhNHhlriNhlririhHUUhNUilriHitaUHihitiHitiriyihHiUiliiiiiiuiiiuuiHiJita 



■WMIiyiJUiLIBIrifclllill HIimililimThii niwni ■ 




.^ujj i^ja (4) J" 

d UJ . Jj^ (> • J» j*» (K) SJj* ^ (!) ^ 

jjjuj u-u j &- J-^ J .r =300K iijifl sjj* ^ 

«i ^ j^sb 6^ jWj o^a jl. tfjwn c^ij^ 




JjLaJ) jl yil ,>uJ ^LuJ ijj* Aa-jJ 
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JaJI 



9N 



V D = 



2 



+ 



1 



-l 



V 



3A^ 3 3 3 
v?=- v 3 



4ttV 



4n p 



= hv D = hv s (3N A p 



D 



k 



B 



k 



B V 



J 



3 4tiJ 



0„ = 



/jv 



k 



4ttM 



1/3 



(6-63xl0" 34 Js)x(2.24xl0 3 ms' l )( 3x6.02xl0 23 moP' x8.95xl0 3 kg/m 



(l.38xl0" 23 JK" 1 ) 



3 A 



1/3 



V 



4^x63.6 



= 293 K 



/7 = 1.93xl0 4 kg/m 3 Ailis J © 



.v =2.1xl0 3 ms~'<yk «uaIi«>U!I o$*afl Ac>u,j M =197 amu Ajjill AjJjSj 



•07 



4lU -IV 



& tnMJ ^j 58 5 ^ ^ :1 ^ 

:1450K <> l tf^ 
. 2.5 x 1 3 J • kilomole-' • K' 1 ^ j ^ ^ W» ^ ^ 



? ljiiuAj 200 K SJjaJI 

U^jlaj .0 D =1860K j £ : 



C, (Debye) = 



12ar' 
5 

12;r 
5 



R 



T 



3 



8.314 



V 



200 
1860 



2.4 xlO 3 J • kilomole 1 - K ' 



G, (Einstein) = 3* 



V 



0, 



\ 2 



-0 £ /r 



/ 



= 3x8.314 



1450^1 



200 



-1450/200 



-1 -1 



= 9.3xl0 2 J • kilomole" K 



:2 JH. 







^ aj-n -u^ c> cfi* 'e; ^ Uj* ^ ^ ^ 



i -t 



0. = 



k B {AttM 



\ 



1/3 



Ailiij p = 8.95 xlO 3 kg/m 3 Aialis t^ 1 



.ball © 



D 



* 



A£, jut J 



M =63.6 amu 



.v =2.24xl0 3 ms 
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y& dJiSJi oj| 

4JLi*]) till jjJ - ^jjS cjUi^ o-ajl^xk 
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213 ; ULoj kLai*A titi^Iuu jJ jte [J 



215 
216 



216 iiUil ihi** iii ; 

■ 

219 ii& >U! sjj^ji ujLow i 

221 ^jjjjVIw^ ii 

221 jtfjfr*u ifljuU* iii 

222 JaiiJaJl ujLua IV 



223 tilljjj - f Lya^j dliuki IV 

. 4 

224 ^j^l diUuuVi i 
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■■1l4Hlliilll1ililiilll-1illl1hlalii1lllh1llll4ilitlllll4llil lilllHhllliilllihllldhlllrihlllriPlllril lllll lllril-lllrillhlriUhlllihlrilHi idlHhlhrril-lllril-iHlHl lalrilJ HMh H t uuv uuv j 



Illirrillll lllll llllllllll lllllrillll IhllUUIIri! lalriUhlal ■ ■ ■ ■ h I ■ I ri ■ ■■■■■ ■■■■■ ■■■■■ ■■ ■■■■ ■ 



^ o-UI tttt J .1800K a-^ 3 "<V **J J :3 ^ 



:M =12 amu Ajjill /> = 1.5xl0 4 kg/m : 



t( ^u ^ ikwjui Ac-j*- uu^i -i 

.^ulii <>#-*!1 ^jLia 



h v 



s 



k 



B 



k 



B V 



4nM 



1/3 



V_ = 



h 



AnM 



1/3 



V. = 



s 



h 



-23 



x l/3 



(L38x10" 23 JK-')xl800 K 



/ 



(6.63 



xlO 



-34 




V 



4;rxl2 

3x3x6.02xl0 23 mor'xl.SxlO 4 kg/m 3 



\ 



1/3 



= 1.2xl0 4 m/s 







D 



V 



a = 



V 



1800 
298 



1.54xl0" 10 m = 1.03xl0" 9 m 



: j* AiuiU Cy^A ifi*'^ -"Jttj 



/ 



_ V s _ 



D V 



1.2xl0 4 
1 .03 x 1 0~ 9 



= 1.16xl0 13 Hz 
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y"(0) •£> tSjl-"J l >"(0)>j^W '-'J 1 " <3&-»JI ji-JI »Jj* 

y&HL i^iIIiaSI ji-oSI 3a jj lie- ^ jjS uUua 3Ja»il jj l^Jliuij 5iUa 

:q\ JaJ iT =0 i(3lk»ll jiuaS J ja 3a jJ jOc -4 

g-//(0) _ f~°° if e<M0) 
k„T [°o if e>//(0) 

:(1) JUdl jfeil l i : uibjJI 5 jj-a!L y-Qjja 3J1j ^ jju d&j 



/(*) = 



1 





if 
if 



e < MO) 

e > M (0) 



(3) 



1 



(7=0) 




^ =// (0) 



.^fkA 3ajJ Aic ^jjS 3j|j (1) Jli 

Ola jlkJI ji-ail 3ajJ Jjfr <dj U jjaJ j .(3) 3jjlfuaJI jtUjjj (1) Jiill 



Ol ij '"■).' I- 4 '-" ^-^ ui^ui 1 < £ < fi(0) 



1 £ 4ilkl! (IibjluM 



LaSj .3£Ji jtA*-oi f > 32iyi dilj CjUjImuJ! ^maj . ojj-i jjiJI 



3iUaU ''i'.jjVm Jii ujjj jiSL ,_yajj <_ij*a TV UJJC-J ill! auufW <jla i3illa 
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^Ac tUtSIl oUll 

Ideal Fermi - Dirac Gases 



fie,) 



_^_ = __J (1) 



:Sjj-aH iib (1) ^l*- 31 (jl« 
, »(g) 1 (2) 

HE) ~ g{£)~ e^+V 



.0</(e)<l iijJJI A»J f -OJ*-^ 0- f*-« ^ J >* 
yto i^u. Lj^i J*ji V (2)j (1) l*^ 1 f»*- +1 J ^ ^ _1 

.ijuji ji 3ja>ji ^ iits // oi» ^ • /" <^ 

I a 3ajJ - i-iM iib/ (g)2Jl^l c*i £ = (i ! -2 
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SJU ^ .fUL*VI A^jj o* g s j^j G s =g s 2n 



h ) 



.g,=(2s+l) = 2 oi-^^jjWi 



o 

T«T, 



/40) > 0, e < //(0) Very low temperature Completely degenerate 



M0)>0 

MO) = o 

m < o 



Low temperature 



Strongly degenerate 



Intermed iate temperature Slightly degenerate 



High temperature 



Classical limit 



^ ) H l^! Jj W (^JJJ ^ » 7V Ull& t J j^VI 4JUij A^ulb 



(Completely degenerate gas) 



Al^iiaJ^ ^bjlu^l £X4* ^ (7 1 =0) jlkJI jlyflfl SJj* AajJ .ifc, 



(4)j (3) o^jU^ 



A, 



N = \ g {s)f (e)d e 







^ 



3/2 




(6) 




(7) 
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^Jpty CjLjIu^ Ji3> IfJ*^ <Jijx 4JaO> ^iuuSj ui^-. <^j*a ^Ua c5>^ 

t> iiUa i.ue J jau iJUb i> .(2) US a&L ^jl**. <> ^j^j 




.Aid- SJj* ^UjJ ^ ^-*J^ (2) 



.(2) J£*i jJaSl ^tfe>-SUI AjJU^I 



J 



if r =o 







(4) 



if r *o 



3/2 



(5) 
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.4£ jiil S J i^jj .1^ ^ (ill! liuliw 



2m 



=> PF= 2m Mo 



(mv F ) 2 =2m Mo 



2 _ 2//„ _ 2n„c- _ 2( 2 -05 eV)x(3.0xl0 8 m/s) 



v f = 



77! 



7HC 



= 7.22x10" m7s- 



(0.51 lxlO 6 eV) 



v F = 8.5xl0 5 m/s 



.(jjbuaJi uj^uaJ! 4c-^ui ufllxJal 



UUj iiuailaJl CjUjluwdi iuLj^l (j^al^ll ^JUIb (jijaluj ui^wij 



LliM AiUafl l^Lua -i 



U a = \eg(s)f( £ )ds 







^ ^ v 



=—N from eq.(4) 




(9) 
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, J juiij (7) ^JjU-SI (> 



A^LjiU ^U-SSJ (i^t OW ** jJ 



.L = 



r*o 

F & g 2mk 



3 TV 



2/3 




(8) 



,1 




?V J Mo 



.Af = 39kg/kmole> tfJ i» <UJjj p = 0.86x!0 3 kg/m 3 <y> 



TV /V„>9 (6.02xlQ 26 electrons/kmole)(Q.86xlQ 3 kg/m 3 ) 



M 

1.33xl0 28 electrons/m 3 , 



39 ks/kmole 



: ^ ( gf = 2) dUj>iSba ^ aaUs J ^ (5) a-J 



/2 2 X 



M, = 



8 m 



3 JV 



N 2/3 



V 



n V 



j 



(6.62 x 1 0" 34 J.s) 2 rA x i.33xl0 28 eleCtr ° nSS ^ 



2/3 



8(9.11xl0" 31 kg)^ 
= 3.28xl0"' 9 J = 2.05 eV 



m 



2.05 eV 



rp Mo 

k B 8.617xl0" 5 



eV 
K 



= 2.3xl0 4 K 
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Ill ■■ ■■■ ■■ imHi IhlhlrihlalrihlriUUIIrihllllUHrih 



J^Jt oVI Usjaj =e/k B T j x =s!k B T CjUu^I Ua±u^l £ 



cc 



u 



J/2 



1 + 



8*; 



+ 



2 



\3/2 



3\k B T 



J 



1 + 



^r 2 r Ar„r 



\2 



8 



+ 



M J 



3/2 



1 + — 1 * 



8 



+ 



(14) 



(4) iijbuji f i 



2 



3/2 



(15) 



: J J~ (14) J (15) 0- o~>*^j 



3/2 



i+ 



8 



H 



+ 



V 



(16) 



i+ 



8 



V 



Mo 



+ 



4 » 



J 



3/2 



3/2 (T) 



1 + 



8 



T 



+ 
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^jjiWlu.U* -ii 



S o =0, 00) 

ljLwia. - iii 



2 

Cl o =-PV =U -S -n N =--H„N , (11) 



Li-Jail ujL-a. - iv 



q 2 r# 



v 



V 



= 2.7 1 x 1 7 p (atm for electrons) ( ' ■* ) 



.(« 10 6 atm) JiJ* ijw* ifaUi ,j.>s uj^^ & ^ u «> 

•Sj-sj W ^ W jib-a 



III 



(Strongly degenerate gas) 



^ItSJlS (5) j (2) ou2jU*U LUlJiiu-U ui-ou OW-J^ 1 "W«^ gr^ 
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1 



\ 



3U_ 

dT ) v 



5£ 

12 



T 2 



+ 



n 1 ( Nk X 



2 r 



(19) 



( C r )w=C^+C K (Debye) 



= ^7 +BT 



(20) 



. (3) JSA!i jlaSI iU 4jS,i^ ^LuJ 4^uj 



3A^ 




T 



i-y*JI tSjUl 4*^1 SJjaJI oUjJ Jto ^jU-JJ ijejtf SjtjaJl ct 'f-Uixll 
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■M 



1 + 



71 

8 



If 



* « 



) = A, 



/ 



7T 



s 



v 

V ' / 



J t 



Jl 



12 



\ 



T 



(17) 



.3.0xl0 3 K 5Jj* i^jJ ^ f J#^J*» 0^ i«<7*) 



1 



7r 



2 ^ r V 



12 



+ 



4 * 



-2.05 



1- 



n 



2 '3.0xl0 3 V 



12 



L 



V 



2.3x10 



+ 



= 2.05 x 0.986 « 2.02 eV 



^=2.05eVj7V=2.3xl0 4 K J Uj* 3 : 




1 + 



5^ 
12 



'7- 




2 n> 








+ — 






J 


16 





m + t 



(18) 



u 
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(c ) 



r 



71 



2 



Nk 



T 

\ 1 F J 



• = k B T F ^j* ^Ua j^ji l^laj t 7- 



csijjty^ <-rL** - ii 



7' 



5 = 



o 



7t 



= — 



B 



10 



T 



T 



+ 



(21) 



• * * 



111 



F=U-TS 



= Nk B T F 



3 



71 



5 4 



+ 



80 



+ 



(22) 
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5 >>J\ 



^Ujjisw ^pja sjo** <*us ^ '(3 Nk B ) 

3 

JIM cAj ^^i^ 1 S *J aJI (- W « )<A> 



r = 



AT* 



B 



2 1 r F 











2 

J 


[T F J 



^4.93x 



3.0xl0 2 K 
2.3xl0 4 K 



Nk 



B 



J 



= 6.44xl0~ 2 Nk 



B 



r 




7 1 



(Cy) 



T 



<2!°L A-tfjJl (4) 
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^J* 4 - <f*J* 9>\^z±\ CjULjIsj -IV 



^ ^31 j 0-**-^ ^JJ^Vi $15 UjjU .QJbuJb J^jili C^jjty ^bj^l 

OJU-ll JilJ jlii ^UjjiSJVI J ijjpl JiLj^j jjjj UUi| ik-ijj 



^jJUJI E Jj*iil lift gaJ JaJj .((jUj^JJ -Jj>^SU) ^J^i f Lya*y tfcui ja! jJaiu 

^ J^i <U£lj .6Jl»-II ^jl^Jlj o^^iJI J" c>u 

,<>iU-ii 5Jj*fl cP* /UjU jS3 US 4 ^Lj^I o-aljifl o^xJ ^ 

c^-Jj (3R)<y* ifljUl IJjx ia. jj 1^ ^jUaI] 5J>>J1 J ^.j ^ 



^MNj tfjj^ cHJj^Vt ^jAUa Jl* £Jl^ Jo*^ CiU jjty ^ j± 

aJ ^ gsu dljj .(Photoelectric emission) ^W^ 1 
i-ijuJI Jib £>Ujj&N\ j! JjSJl j-ikl^u alii iCiU jj&bU ^UH diUojl v 4i>il 

:j5j ^ jiu l^u* oUjjisjyi .-UjjV) ^juai . 





(f> Ji-J^ AJij (6) Jii 
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Li^ali l-jL^a. - IV 



5F 

dV j Tt 



5 V 

2U_ 
3V 



1 + 



5^ 

12 



r 



\2 



80 



+ 



(23) 



Wfc, 




0.1 0.2 



Tie — ► 
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Px >e Uai ^ja. 4^ l^J ^ dl5 ^ 



2w 



<<^i jj^ii .i^bj t ^ 5^ ^ ^^^^ 



n =y = ~-\g{p¥{p)d P (2) 



JiS*j£^(jA f (p) dyA 

g(p)dp=~dp (3) 



N 2 r 1 



V h 3 J e P('-<T^ V (4) 



F =Av.t 



(5) 



« = n v x = 



to OO CO 

V 



h l J J , &* d Py d P:* (6) 




1 ds 1 

Px ~ V * dp - 



t . p 2 

2m 



(7) 
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(Thermoionic Emission) <j v ljj&*\ _1 

ii-a 0- ftj^j ^ w -uuis-tfj .^-jji ^! (3^ ^ 



-U^ 4- ^ (1) 

1 1 ■ . .-<, J« 14^ Li>j 0*^ (Work function) ^ J <t> 

W>1! ^0, ^j) tf-B ^ ^ 

.("Binding energy" 



^ gk- ^ 'X -«» ^ ^ ^ 

•.^asii (jajjftj 
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T 




i*ui j^j .iJai ^ ^k. j^j (?) juai ^ us 



A: 




B 
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2 c ds 



2 "r"f"r de 



1 \ \7X^T7? P > dp 



" -00 -M £' C ^ 1 



2 



J Jln[l+e /,( * , -' ) ]^ I (8) 



^M-oo 



J 4aJ JC « 1 In [1 -X ] « X , 



2 7 7 -/¥-*4^-> 

of/? 

■CO —00 



n' = r I le 2m J rfp v ^Pr 




e -/¥ \ e ^ dp y \e 2m dp 



-CO -CO 

V v 



V 



2 2 



2i 3 



(9) 




(10) 



x jja-d ftUSL J Ajjulali AjjLuJI iilM <-flj»jj 



9 



(ii) 



q = 4W b 2 =l2x1q6 Am - 2K - 2 



/l 3 

. Richardson -Dushman formula 0^ -Oj*-Jj-ttj (11) ^J^J 

.(>fcj| gl^i <> CjU jjiitti u-UxJI JU*l Jtf^Vl lit ^ iah (Jj 
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Appendices 
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A 



230 




* 

1 


231 




• * 

11 


231 


* 


■ # * 

111 


232 




iv 


233 


lijj 4Jb 


V 


233 




vi 


234 


Oil jj^J LUj AJIj 


Vll 


235 




viii 


236 




ix 


237 




X 



239 

^ 

239 
243 
244 
245 



^ 4 



. ■ . 



l 




11 



± m -. 



4 * 



• » # 



CtfUbtfl 111 



r. 1 



' \ * x \ * 



1 



B 



V 
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c 



248 



- J . r 



r- i - k- *r 



J- 1 V 



- ri r ■ 



•^^'^ ..." -V ' • 

^^^^^^ _ _ 
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iihiiMi iiiikiiiriMiiiLiilii iiiii mil mil ikllllllil liliNlllllPiillrliliriiiiniliHiiiniiiniiiniiiniiiiiiiinniriniiikiiiiiiiiiHiiiHiiiPiiiiH iiiimiiim hinhinihiiiih ^u^nn n ... 



(Sum of a Geometric Series) aj^^i ajIjUI ^ _ji 



S„ =c+c/ +c/ 2 +...+c/" (1) 

:Je J^j . / (1) <JjU^| ^ijt 

fS„=cf +cf 2 +-+cf"+cf*+ x ( 2 ) 

<(2) j (1) o^jU^I C>iJ 



v I"/ J 



(3) 



5= c 



1-/ 



(4) 



(Gamma Function T(n)) — iii 



CO 



Je-^dt =^-' (1) 







J ±jj t^ij^l cy> n ±±i q AiliU i^uJIL aiijfea J*iliUj 



00 




e" 9 ^ =(«!)^- (n+1) (2) 



o 



^1311 4^1 jj « ! a^uill Ub^ ^fe JuuJ u5>- Ui JaJ = 1 t-i«j 



00 



(3) 
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(A) JaJ- 

Some Mathematical Functions and Formulae 



(Stirling's Formula) gjJji^l 4*±*a 



l 



n! = lx2x3x---x/i (1) 

t^JUfl uujuiS (1) t>j 

+ 1)! = «!(«+!) ( 2 ) 



n 



1! = 0! = 1 (3) 

: J (1) ^J-iLs-aii (>J 



n 



ln(w!) = 2>* (4) 



Jfc=l 




n 



ln(w!)= Jlnx^x = [x lnx -x 



i 



i 



« nlnn -n (^) 

n>30 n ^ jLU* ^ c^j ^ ^ ( 5 ) ^ JbL4ii 

( 6 ) 

.g*i*a ^ u lib o^j t5 J^ fc^ 3 
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(Zeta Function) tfjj <J|j 



v 



CO 



-9 



(i) 



rttjj fclj] ^ ^ ^-j, Jj^jgj 









C(<7) 1 


i 


00 


3/2 


2.612 


2 


tf 2 /6 = 1.645 


5/2 


1.341 


3 


1.202 


7/2 


1.127 


4 


n A 790 = 1.082 


9/2 


1.055 1 



(Sommerfi eld's Integral) jl£ 




VI 



CO 




(x -x o )x Vx 



i+i r 







s+l 



1 + 



^• 2 5(5+ 1) 

6 



+ 



J 



2 



+ 1 



oV'-^+l 3 



1 ^ 

1 + — ^ + 



6jc 



o 
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00 



T(n+l)= \x"e "ckj (4) 







: Lr lfr J*^au (4) 6- J 



r(« + i) = «r(») = /i! 
r(i) = r(2) = i; 

r(|) = JZ, 

r ( i) = ^ 
2 2 

(Error Function) UaiJI 4Jb -iv 

4&jdL Ci jfrj < .—N< w Jj>u£L« jjjjjJ LIuJjJ Jjft jjLuJI uiUb UaaJI AJ1 J i*ihVy'.iiI 



er% ) 




(1) 



42l.il (uill viiafl Jj^Uj 



9 


erf (q ) 


q 


erf (q) 








1.2 


0.9103 


0.4 


0.4284 


1.6 


0.9763 


0.8 


0.7421 


2.0 


0.9953 


1.0 


0.8427 


2.2 


0.9981 
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(Table of Simple Derivatives) ^JxtuuJI ££LilitfJ Jj^ 



* * 



Vlll 



J a,b,— <-*Jj& -X jjii-D JIjJS ^jii^tf V j u (JjjaJI JjJaJI ^ 

• / = V-T j Cut j5s ^' .ii 'i m,n,--- 



= 



d . . du 
— (aw) = a — 

dx dx 



= \ 



d 



dx 
d_ 

dx 



(«v) = 



du 

u — + v — 
dx dx 



n 



ax - nax 



n-\ 



— sin ( u ) = cos (u) — 



dx 



dx 



~ -sin(ax) = a cos (ax) 
dx v ' 



d 



dx 
d__ 

dx 



cos(w) = -sin(w) 



du 

dx 



cos(ax) = -asin(ax) 



d I du 
— ln(w) = 

dx u dx 



d u u du 
e - e — 



dx 
d_ 

dx 
d_ 

dx 



dx 



ax 



= 1 



zaxe 



ax 
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lllllil-lhlJLIIIril Mril Ihlril Ihlril Ihlril MriHllll llllMllhllMlllhllllPllllMlllMlllHlllHIIIHIIIHIIIMIIIMIIINiiriHllriMIIIPIIIril1hlrihhlinilihihliiiiiinrl ^ 1 



S(x -a 







(Dirac Delta Function) \2h 4Jb 



vn 




a 



CO 



Liij WjjS vifi ^ 



5 ^aj . (Impulse function) 

:< / JUIU lJjxjj ilual»li JljJll 



£(x -a) 



0, 



(1) 



00 



x -a 



CO 



1 



(2) 



—00 



:,>l£SJl <Ju*a jjlai-u (2) 4lilx*JI (>j 



j/(x)£(x-a>fr =/(fl) 



(3) 



— CO 
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(Important Integrals) - x 




fcos(00)</0 = -sin 
J a 

fsin(a#)tf = - 1 cos 

a 



a \n(b) 



xln(x) 



x 



\a x ]n(a)dx = a x ; 



b>0 



a>0 



oo 





a 



n\_ 



a>0 



2n+\-ax 2 



dx 



n ! 



o 



oo 



2a 



/7+i 5 



00 



x^e^'afc =0, 



o 



1.3.5....(2n-l) 

2" +1 a" 




"=0,1,2,3, 



CO 5-1 

r 







-1 



dx = T(s )C(s ), 



s >0 



a>0 
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(General Mathematical Identities) ^Lij ciMhuA 



IX 



sin#±sin#> = 2 



sin( ^ )c0 s(^) 



2 



2 



sin# + cos^ = 2 



cosHr 1 ) cosC-^r 1 ) 



2 



2 



COS#-COS#> = -2 



sin(-V 1 )sin(—r 1 ) 



cos 20 = cos 2 - sin 2 = 1-2 sin 



tie 



= 2cos 2 <9-l 
= cos 0±i sin 0, 



2 



2 



sin 6> sin <p = i [cos(i9 - - cos(<9 + 
cos cos ^ = I [cos(6> - <z>) + cos(<9 + p 

sin cos p = ~ [sin(<9 - + sin(<9 + p)] 

sin(<9 ± ^) = sin cos <p ± cos sin <p 
cos(# ±<p) = cos cos p + sin sin <p 



sin# = 



a e ' e+e " e 
■ , cos6' = 

2/ 2 



in 



B , nx n{n -l)x 



x 2 x 3 
e* = l+x + — + — + 



2! 3! 



<1 



sin 2 6 + cos 2 = 1 
sin2<9 = 2sin<9cos<9 



x 2 x 3 
ln(l+jc) = * + — + 



2 



3 



<1 
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(B) Jada 

Permutations, Combinations and Probability 



(Permutations) Jj-iUUl 



l 



:<y*j t^jVI ftJfrlAfl JjjLSII £j33 j . J Jjl\ JU>) 

."«! jtf (Distinct objects) S JUaJI p LJ&I n jj*J o^LjmJI jjc" 



?A,B,C cJj^J! l£L±£ jic La :JliLa 



First 
letter 



Second Third 
letter letter 




B 

A 



B 



Word 



ABC 
ACB 
BCA 
BAC 
CAB 
CBA 



Fig. 5.1 . Possible words made from the letters 
A, B and C. 



JJ&JI <_>*ij jfcj tifrjUJI 



cC jt 5 ji A U ilmjjsJi 

h 

k 

L 

i^r^ilU 3! = 3x2xl = 6 <yb c£L±±$ jj& J jaj dlil 
ABC BCA CAB 

ACB BAC CBA 
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N &*n x jUiV J>il .up J ^la ,j^n ^^wig Vjl I-iu 



\ 



N\ 



^j^uJI lift j^uijj 0- n 2 jLj^V JjLJI jjc cl 



V 



« 2 !(W -«,-«,)! 



<y 3 = 



N -n, ~n, 



\ 



n 



(N- ni -n 2 )\ 



J 



n 3 \(N -n x -n 2 -n,)\ 



TV ! 



{w, } = co x x (i? 2 x co 3 x • - • x o) = 



N ! 



7 



■ ujIkoJI Ilk j 
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10 



101=10x9x8x7x6x5x4x3x2x1= 3,628,800 



.s^js^r JJftJ i ^ ji *uu5 caL^sn uiii ia Ji\ iA» 



.45 AC BC 



P r = — jtij^js 



n 2 



* n ! 

Sn, = n tin* o = — ; — ; — ; ; 
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(Combinations) JjjaljjJ) 



11 



»"C 



/• !(« -/-)! 



/J 



^Iau- 6 j JUj 8 LLjJ : JH, 



14 



c 




r = 5 j /V = 8 i 6 - 1 4 <j> ^ ^ "1 



14 
5 



\ 



14! 



J 



5!(14-5)! 



2002 



24.1 



nlhiriiihiriiihirii-ihiil lilildhlil^hlrillllillllllirillril'lllinil^nilriMllll^llinilin t1IMI1inh1iliilinilliiiiiiiniiirTiiiriiiiniiiniriniiiniiiriiiiiihiiiniiHirii-iHi-ihiai i 



Illll Ihlril II lal Ihlal II la 



TV ! 



4! 



4x3x2x1 




1)(2 



X 




6 





#2 


1 


2 


3 


4 


a) 


2 


2 


H 


II 


T 


/' 


(> 






i 


T 


II 


H 








H 


T 


H 


T 








T 


H 


T 


H 








H 
T 


T 
H 


T 
H 


H 

T 





. .IvUa UJL Jj^l j^ul 




CO 



?uaulH eia, S AaUiV JjlaJI jjc ^aU 

N x =2,N 2 =3,N 3 =4,N 4 =ljN =10 : JaJI 



JV ! 



10! 



12600 



N.IN 



\N 3 \N A \ 2!3!4!1! 
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i-la. JU*I (p) c3i Ijj .OiJaJl tf 3 fcjjjL JusiUl ^JUUVI fcjjjSfl Ulfi. 

615 IJli .(JJtt JUUI) ijaJl ej aj ^ JUa.1 (4 =\-p) j ( c i^a JU^,) u 

P(X) = — p x q N - x rRTk 

X\{N-X)\ P 9 (B2 > 



JJ&J 4J1U1, KuJx* i_SUc. 



J 




J->^ (N = 4) dya, : (B.2) 4±jU*S ^ o^3»# 



P(0) = />(4) 



4! f 1 



\0 /" , \4-0 



0!(4-0)!UJU 16 



n r = i 



4! 



1!(4-1)! 



air 



A 1 1 

4x — = — 
16 4 



P(2) 



4! mViY- 2 A 1 3 

= 6 x — = — 
16 8 



2!(4-2)!UJ \2) 




V A 1 13 1 1 



m=0 



16 4 8 4 16 



^ vMW Jjj^si >a 
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IHhlillHrilrihllHhlhlrihllllHllirlllriNhlriHIIII IIIIHIIIHIIII^ 



■ ■ ■■ ■ ■■ 



8 



c 



\ 



8 
3 



8! 



3!(8-3) 



56 



6! 



2!(6-2)! 



15 



l^AJ 1^X4 <J^»J 



8 C\x 6 C, =56x15 = 840 



(Probability) CjVUb.VI - iii 

till HxuM ^5au *4j>*j jVI ^Ic- AlaxJI LjLui ikvj I ^.IL A^jA^ A^I^Xa <]^Z> fUlj 



P(//) = P(T) = 1 



JJfr S^lj AlosJ ijjaaJi f I jaV Uliu. .Cil ja& c> J j^- S^l A*H1I 
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^ libbudJ J^£»-a ujiLbi oifc piiLLJ jli jJalL .(1) 

.(1) ia^ill JUAj LjU-a. ^Jc iiAj JaU* 

:4Jhll JtiftJt J^- ^k. 

/ =/(*p*2>***>*J (7) 

^ = ^(x 1 ,x 2 ,-,xj= CulS (8) 

^_ + a ^_ = , / =l,2,3,---.«. (9) 

ox ■ ox ^ 

^^,^2^^J= ^ (10) 

^ = ^/(x 1 ,x 25 ---,x„)= CJQ (11) 

|L + a it + ^ = , / =1,2,3,-,,, (12) 

ax, ax. ax, 

uLA jkji) ^^uS jUjJ (jl-u Ulilj i (Undetremined Lagrange multipliers) q£p+ 
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(C) 

Undetremined Lagrange multipliers 

ax: 5y 

ax ay 

d t = *±dx + y-dy=0 (4) 

^ ax ay 

: J g33i (4) j (1) (> ^ 

= (5) 

dx dy 

a/ a^ 

— + a— = 0, 

ax ax (6 ) 
a/ a?) 



ay ay 
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sinhfl > fl, tanhe ™ > g cosh0 ^° >1 + V 

2 



(6) 



U Ul& cosh (9 AM AujI^I 



jt ju*l\ U4& Jail Jul q\ j-Jaluu U315 ^Lj*M 2k.* M fl ^ {jUfei 



cosh<9 



jr-»0 



>1 



(9 x-j-0 



>1 



but 



coshfl-l > lg> 2 



(7) 



:<i!jSLJ| ^Jb jJai Liyi lift 



but 



(8) 



fico 



ho)/3 



-1 



(9) 



ui ^ tf l <Lkii sjjaj cUjj aJ& e hmp ajijI: 4^11^ u-jiu ijia 



1 . „ . 



sinhfl > l g * 

2 ' 



tanh(9 



>0 , 



l>£ iiJj e 
cosh - 



-6" 



0->CO . 1 

I 6 ' 




tanh<9 



0->co 



>1 



(10) 
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lllril Ihlril Ihlril Ihlrillilril Ihlil 



(D) 

Hyperbolic Functions 



cos6> = , sin0 = , tantf- (D 

2 2/ cos^ 

sec 6> = — ^— , cosec - , col - 1 ( 2 ) 

cos# sin0 Umf/ 

cosh^^ , sinh^ = , tanhtf- — (3) 

2 2 cosh 6* 

sech^ = -J— , cosech0 = ^— , coth^ = — l — (4) 

cosh 9 sinh<9 tanh (9 

^^.sinh^, ^HM = cosh^ ^M = sech^ (5) 

jU_iJl <«ljJ ^fl l^i 0^9 \jJ .fUUS t>a>> 4w • Jk - S ^ ,ii3 






... iaaj ^ AJaUu .«Ut ia-j VU I i* 0^ ' sinh(9 -^0 tjA 6 -> Uifc. 

.JjJaJI (> ujjjSj t>^& AJIoll 
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iMhlllrihlllHIIMhlhlrihlilril lili 



ihirii ihirii ihirii 



:,-J 



.X AaJI ^fl COth* 



cothx = 



e x + e~ x 
e x -e' x 



Zx +1 



2x 



1 



l + (2x) + 



l + (2x) + ^(2x) 2 +- + l 



1 



2! 




+ 



1 



2 + 2* +2x 2 + 



• * # 



1 



2x + 2x 2 +4x 3 /3 + 




+ .v J 



2V 



1 




2 +■•■) 



V 



1 — x -I - l 

3 



/ 



1 



x 



\ 



l + x -x +x~ -x + " + 



1 



V 



^ X 
1 + + 

3 



_1 * 

~ jc + 3 



250 



Scientific Dictionary 



A 

Absolute 

Absorption 
Activity 

Amorphous 
Annihilation 
Antiparallel 
Approximation 



Associate 
B 

Binding energy 
Boundary conditions 

Bounded 
Bound state 
Brackets 

Bulk modulus 
C 



Approximation methods ±&J& <i> 



Jul jSft 4iUa 
4j.Jj.ia. ia jjmi 



Cartizian coordinates 




Classical 




Center of mass 




Closed 
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Wave function 
Work 

Work function 
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Variable 
Vector 

Vibration 
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Zero point energy 
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Spin angular momentum 




Spontaneous emission 
State 

State function 
Step potential 
Stimulated absorption 

Stimulated emission 
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